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INTERNATIONAL  ASSOCIATION  FOR  DENTAL  RESEARCH 

Organized:  New  York  City,  Dec.  10,  1920.  Of  those  at  the  meeting  of  organi¬ 
sation,  the  following  remain  active  members:  Adolph  Berger,  Theodor  Blum, 
G.  W.  Clapp,  H.  S.  Dunning,  W..  J.  Gies,  R.  G.  Hutchinson,  Jr.;  T.  P.  Hyatt, 
Milo  Heilman,  A.  H.  Merritt,  B.  B.  Palmer,  P.  R.  Stillman,  L.  M.  Waugh. 

General  Meetings  have  been  held  on  this  schedule:  (1)  New  York,  Dec.  21,  ’22. 
(2)  Chicago,  Mar.  7,  ’24.  (3)  Chicago,  Mar.  20,  ’25.  (4)  Chicago,  Mar.  26,  ’26. 
(5)  New  York,  Apr.  19,  ’27.  (6)  Washington,  Mar.  25-28,  ’28.  (7)  Chicago, 
Mar.  23-24,  ’29.  (8)  Toronto,  Mar.  24-26,  ’30.  (9)  Memphis,  Mar.  21-22,  ’31. 
(10)  Columbus,  Mar.  19-20,  ’32.  (11)  Chicago,  Mar.  18-19,  ’33;  adjourned 
executive  session.  New  York,  May  25,  ’33.  (12)  Chicago,  Mar.  17-18,  ’34. 
(13)  Chicago,  Mar.  16-17,  ’35.  (14)  Louisville,  Mar.  14-15,  ’36.  (15)  Balti¬ 
more,  Mar.  13-14,  ’37.  (16)  Minneapolis,  Mar.  12-13,  ’38.  (17)  Cleveland, 
Mar.  18-19,  ’39.  (18)  Philadelphia,  Mar.  13-14,  ’40.  (19)  St.  Louis,  Mar. 
15-16,  ’41.  (20)  New  York,  Mar.  14-15,  ’42.  (21)  Chicago,  Mar.  13-15,  ’43. 
(22)  Chicago,  Mar.  18-19,  ’44.  (23)  Chicago,  May  27,  ’45.  (24)  ICansas  City, 
Mar.  16-17,  ’46. 

Objects  (Const.,  Art.  II): . .  .  “(a)  To  promote  broadly  the  advancement  of 
active  research  in  all  branches  of  dental  science  and  in  related  phases  of  the 
sciences  that  contribute  directly  to  the  development  of  dentistry,  and  w'hich  add 
to  the  knowledge  of  the  mouth  and  teeth  and  of  their  relations  to  the  body  as  a 
whole; . . .  (b)  to  encourage  and  facilitate  cooperative  effort  and  achievement  by, 
and  mutual  helpfulness  among,  investigators  in  all  nations  in  every  division  of 
stomatology;  (c)  to  the  end,  particularly,  that  dentistry  may  render  cumulatively 
more  perfect  service  to  humanity.”  (The  Association  has  been  using  “dentistry” 
and  “stomatology”  as  synonyms.) 

Membership:  total  (Dec.  1,  1945),  633.  Eligibility  (Const.,  Art.  14,  Sec.  1). — 
“Any  person  who  has  conducted,  and  published  an  account  of,  a  meritorious 
original  investigation  in  dental  science,  or  in  any  of  the  sciences  contributory  to 
stomatology,  sh^all  be  eligible  to  membership  in  this  Association,  providing  such 
person  conforms  to  the  recognized  standards  of  professional  ethics.”  Election. — 
New  members  may  be  elected  only  at  general  meetings  of  the  Association.  Mem¬ 
bership  in  a  section  is  secondary  to  membership  in  the  Association  as  a  whole. 
Removal  of  members  from  one  geographic  center  to  another  does  not  affect 
their  membership  in  the  Association. 

Endowment  fund  of  the  International  Association  for  Dental  Research  (as  of 
Dec.  1,  1944):  $1,370.98.  There  have  been  no  expenditures  from  this  fund. 

Divisions  may  be  organized  by  the  members  in  any  nation.  There  are  now 
divisions  in  Canada,  China,  England,  Germany,  Hungary,  Palestine,  South 
Africa,  and  the  United  States — 8.  Sections  may  be  organized  by  the  members  in 
geographic  centers  within  the  divisions.  There  are  now  sections  (32)  in  Vienna 
(’29);  Halifax  (’28),  Toronto  (’21),  Winnipeg  (’30);  Chengtu  (’34);  Prague 
(’32);  London  (’31);  Budapest  (’34);  Johannesburg  (’34);  Palestine  (’39); 
Ann  Arbor  (’23),  Baltimore  (’33),  Boston  (’20),  Chicago  (’20),  Cleveland  (’30), 
Columbus  (’32),  Detroit  (’37),  Houston  (’39),  Indianapolis  (’41),  Iowa  City 
(’36),  Louisville  (’32),  Minnesota  .(’28),  New  Orleans  (’37),  New  York  (’20), 
Philadelphia  (’28),  Pittsburgh  (’28),  Richmond  (’33),  Rochester  (’33),  St.  Louis 
(*28),  San  Francisco  (’24),  Tennelssee  (’44),  Washington,  D.  C.  (’31).  The 
names  of  the  secretaries  are  given  on  p.  2  of  this  cover. 

Journal  of  Dental  Research:  The  Association’s  official  publication.  See 
register  of  officers  and  editors  on  page  2  of  cover. 


NOTICE 

The  next  General  Meeting  of  the  International  Association  for  Dental  Re¬ 
search  will  be  held  in  Chicago,  Illinois  at  the  Drake  Hotel,  June  21  and  22, 1947. 


INFORMATION  FOR  PROSPECTIVE  CONTRIBUTORS, 
SUBSCRIBERS,  OR  ADVERTISERS 

The  JOURNAL  OF  DENTAL  RESEARCH  was  dedicated  by  its  founder 
to  the  dissemination  of  knowledge  pertaining  to  the  teeth  and  mouth,  and  to 
their  relations  to  the  body  as  a  whole.  It  publishes  original  investigations  in 
these  and  related  fields.  Articles  are  accepted  only  on  condition  they  are  con¬ 
tributed  solely  to  this  JOURNAL.  Articles  appearing  in  other  domestic  or 
foreign  periodicals  will  not  be  reprinted  in  the  JOURNAL  except  in  extraor¬ 
dinary  cases.  The  JOURNAL  will  supply  a  limited  number  of  half-tones  or 
zinc  etchings  without  cost  to  the  author.  References  to  the  literature  must 
conform  to  the  following  style: 

1.  (To  a  periodical) — Doe,  J.  A.,  Dental  disease,  J.  D.  Res.,  16:  42,  1937. 

2.  (To  a  book) — Doe,  J.  A.,  The  Denial  Practice  (Chicago,  Smith:  1930), 

p.  114. 

See  McBride,  J.  D.  Res.,  16:  537,  1937. 

Titles  should  be  given  for  all  references.  Papers  presented  at  society  meet¬ 
ings  should  be  so  footnoted.  Reprints,  up  to  500  copies,  will  be  supplied  at  prices 
quoted  on  request  and  must  be  ordered  from  the  printer  at  the  time  author’s 
proof  is  returned.  Additional  reprints  may  be  purchased  only  at  the  discretion 
of  the  Board  of  Editors. 

Subscription  price  for  the  volume  (issued  bimonthly  beginning  with  Februa^) 
is  $5.00.  Single  copies  $1.00.  The  price  of  volumes  and  single  numbers  prior 
to  1940  will  be  quoted  upon  request  to  the  office  of  the  Business  Manager. 

Address  all  communications  relating  to  editorial  matters  to  the  JOURNAL  OF 
DENTAL  RESEARCH,  Ohio  State  University,  College  of  Dentistry,  Colum¬ 
bus,  10,  Ohio;  advertising  or  business  matters  to  the  JOURNAL  OF  DENTAL 
RESEARCH,  1121  W.  Michigan  St.,  Indianapolis,  Ind. 


THE  EDITOR'S  VIEWPOINT 


McClure  and  Hewitt  (p.  441)  present  a 
Bignificant  pilot  study  on  penicillin  and 
caries.  Their  rat  caries  experiments  indi¬ 
cate  a  striking  decrease  in  caries  occurrence 
in  penicillin  consuming  animals  and  suggest 
the  need  for  more  extensive  studies  of  the 
type  being  carried  on  by  Thomas  J.  Hill 
in  humans.  The  question  that  will  be 
raised  is,  “Will  the  use  of  penicillin  in  caries 
control  aid  in  establishing  penicillin  re¬ 
sistant  strains  of  pathogenic  organisms  and 
thus  decrease  or  nullify  its  effect  against 
deadly  cocci?” 

Weinmann  (p.  509)  shows  that  rachito- 
genic  diets  produce  changes  in  the  mandibu¬ 
lar  condyle  of  the  white  rat  analogous  to 
those  observed  in  the  cartilages  of  long 
bones.  The  possible  effect  on  tooth  erup¬ 
tion  is  discussed. 

Dummett  (p.  421)  gives  a  very  complete 
review  of  the  subject  of  oral  pigmentation 
in  the  Negro  and  in  a  further  study,  corre¬ 
lates  oral  and  skin  pigmentation.  In  view 
of  the  common  misconceptions  of  all  oral 
pigmentation  as  pathologic,  the  thesis  pre¬ 
sented  is  important  to  any  dentist  or  physi¬ 
cian  who  examines  the  oral  tissues  of  Ne¬ 
groes  or  of  any  individuals  suspected  of 
heavy  metal  intoxication. 

Restarski  (p.  433)  gives  some  interesting 
data  on  the  effect  of  refrigeration  as  an 
anesthetic  agent.  This  is  a  different  princi¬ 
ple  from  the  chilled  bur  described  previously 
and  involves  the  cooling  of  the  inferior 
dental  nerve  to  as  low  as  1 1 .5°  C .  Complete 
anesthesia  was  evidenced  in  63%  of  cavities 
prepared  in  teeth  anesthetized  by  nerve 
refrigeration.  The  tradition  set  by  the 
immortals.  Wells  and  Morton,  is  carried 
on  as  dentists  continue  the  search  for  the 
ideal  pain  eliminator. 

Keyes  (p.  469)  applied  NaF  solutions 
topically  to  hamsters  with  apparently 
slight  protection  against  caries.  A  possible 
sex  difference  in  protection  as  well  as  sus¬ 
ceptibility  to  caries  was  noted.  This  work 
serves  to  emphasize  the  need  for  more  in¬ 


tensive  studies  on  fluoride-caries  relation¬ 
ship  and  is  evidence  that  the  use  of  fluoride 
in  caries  prophylaxis  is  not  justified  as  a 
routine  procedure.  We  still  believe  that 
any  known  safe  caries  inhibitors  (including 
fluorine)  should  be  utilized  in  dental  prac¬ 
tice  with  the  understanding  that  there  are 
still  many  questionable  features  and  such 
practical  application  is  “experimental”  or 
‘  ‘  demonstrational .” 

Permar,  Kitchin  and  Robinson  (p.  475) 
report  the  variations  on  counts  of  lacto- 
bacilli  made  from  single  specimens  of  saliva. 
The  wide  variation  that  they  found  may 
throw  doubt  on  the  value  of  any  salivary 
lactobacillus  count.  How’^ever,  trends  were 
observed  in  long  terms  studies  of  individuals 
which  indicate  that  the  counts  are  still 
valuable  measuring  devices.  The  warning 
is  against  conclusions  as  to  the  value  of  anti- 
carious  agents  based  on  a  few  isolated  sali¬ 
vary  lactobacillus  counts.  Efforts  should  be 
continued  toward  refinement  of  the  present 
technic. 

Weisberger  (pp.  487  and  491)  gives  two 
further  reports  on  his  studies  of  saliva.  He 
found  that  saliva  could  be  substituted  for 
tryptophane  and  to  a  much  lesser  degree 
for  casein  hydrolyzate  in  a  synthetic  media 
for  L.  acidophilus.  He  also  observed  that 
glucose,  in  saliva,  favors  proteolysis  rather 
than  deamination.  The  basic  studies  should 
be  of  interest  to  all  caries  investigators. 

Bauer  (p.  501)  gives  his  findings  in  cases 
of  acute  secondary  neutropenia.  The  dan¬ 
gers  of  this  disease  are  ever  present,  some 
individuals  being  sensitive  to  arsenic,  others 
to  aminopyrines  and,  apparently,  a  few  to 
“D.D.T.”  Bauer’s  observations  clearly  in¬ 
dict  the  tissue  next  to  the  gingival  sulcus 
as  the  point  of  origin  of  oral  necrosis.  The 
fact  that  this  is  also  the  starting  point  for 
most  Vincent’s  (necrotic)  gingivitis  is 
highly  significant. 

Irons’  paper  (p.  497)  is  more  basic  than 
most  of  our  contributions.  Dr.  Irons,  an 
assistant  professor  of  operative  dentistry, 
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is  carrying  on  his  investigations  in  the  fer¬ 
tile  but  relatively  uncultivated  field  of 
chemical  pathology.  The  work  reported 
to  date  is  of  interest  to  oral  investigators 
and  others  working  in  the  field  of  regenera¬ 
tion,  repair  and  neoplasms. 

Orland  (p.  445)  has  given  a  careful  de¬ 
scription  of  the  hamster  and  its  tooth  de¬ 
velopment.  The  molar  lesions  they  de¬ 
velop  are  also  given  due  consideration. 
This  study,  based  on  682  animals,  is  essen¬ 
tial  to  all  work  on  experimental  dental 
caries  in  hamsters.  In  a  study  of  the  oral 
bacterial  flora  of  the  Syrian  hamster  (p.  455) 
the  association  between  lactobacilli  and 
streptococci  and  the  beginning  of  caries  was 
noted .  N umerous  diets  with  different  vita¬ 
min  contents  were  utilized  but  “no  clear 
evidence  of  a  direct  relationship  between 
number  of  microorganisms  isolated  and 
vitamin  content  of  the  various  diets.” 
Orland 's  findings  should  be  compared  with 
those  of  Keyes  (J.  D.  Res.  25:  341,  1946  and 
25:  469,  1946). 

H.  B.  G.  R. 

Rabkin  (p.  513)  discusses  oral  pathology 
of  sheep  and  goats,  an  infrequent  type  of 
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discussion  in  American  dental  literature. 
This  presentation  shows  that  affiliation 
with  a  research  institution  is  not  essential 
for  scientific  investigations.  Dr.  Rabkin 
used  material  available  to  him  from  abat¬ 
toir.  That  it  is  dangerous  to  transfer 
evidence  from  lower  animals  to  man,  with¬ 
out  careful  evaluation  of  inherent  variations 
of  anatomy,  physiology  and  pathology,  is 
demonstrated  in  an  exaggerated  form  by  the 
evidence  given. 

Our  alert  former  President,  W.  D.  Arm¬ 
strong,  picked  up  a  glaring  error  in  the 
“Editor’s  Viewpoint”  for  October  (p.  297). 
We  erroneously  reported  that  Greenwood, 
Biayney,  Skinsnes  and  Hodges  had  noted 
significant  effects  on  the  serum  Ca  and  P, 
Hb,  blood  coagulation  time  and  growth  of 
puppies  fed  various  forms  of  fluorine. 
Actually,  Greenwood,  Biayney,  Skinsnes 
and  Hodges  found  no  significant  changes  in 
the  serum  Ca  and  P,  Hb,  blood  coagulation 
time  and  growth.  We  apologize  to  the 
authors  and  thank  Dr.  Armstrong,  first  for 
noting  the  error  and  secondly  for  reading 
the  “Editor’s  Viewpoint.” 

H.  B.  G.  R. 
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PHYSIOLOGIC  PIGMENTATION  OF  THE  ORAL  AND  CUTANEOUS 
TISSUES  IN  THE  NEGRO^ 

CLIFTON  O.  DUMMETT,  D.D.S. 

Department  of  Oral  Health,  Meharry  Medical  College,  Nashville,  Tenn. 

The  components  of  the  Negro  population  are  in  the  majority  of  cases  a  sharply 
defined  element  of  the  United  States  population.  First  introduced  to  this  coxm- 
try  late  in  the  sixteenth  and  early  in  the  seventeenth  centuries,  this  group  of 
people  has  continued  to  increase  until  at  the  present  time,  the  Negro  population 
is  the  largest  of  America’s  minority  groups.  From  the  very  beginning  there  has 
been  both  legitimate  and  illegitimate  mating  between  the  Negro  and  white  groups, 
with  the  result  that  a  large  percentage  of  the  Negro  population  contains  some 
degree  of  intermixture.  As  a  result  of  these  unions,  there  have  been  produced  a 
large  number  of  individuals  with  obviously  Caucasian  characteristics,  who  how¬ 
ever  have  been  classified  as  Negroes  because  of  a  peculiar  yet  prevalent  custom 
that  includes  as  Negroes  all  individuals  having  a  ‘single  drop’  of  Negro  blood. 
Intermixing  is  likely  to  continue  until  possibly  the  whole  Negro  population  of 
the  United  States  will  be  involved. 

There  is  a  great  amount  of  variation  in  the  products  resulting  from  these  and 
other  racial  intermixtures.  The  variations  are  most  easily  discernible  in  the 
anatomical  characteristics  of  the  resultant  group.  Particularly  obvious  among 
these  is  the  characteristic  of  skin  color  w'hich  in  the  United  States  is  the  physical 
trait  by  which  intermixture  is  usually  determined.  When  it  is  realized  just  how 
great  are  the  variations  in  shades  of  complexions  that  can  be  seen  in  individuals 
who  are  classified  as  Negroes,  and  also  in  some  individuals  who  are  classified  as 
belonging  to  other  racial  groups,  and  w’hen  it  is  noted  just  how  often  there  is  an 
overlapping  of  colors  betw-een  the  members  of  these  different  groups,  it  is  to  be 
wondered  just  how  accurate  a  criterion  of  racial  grouping  is  the  color  of  the  skin. 

The  uncertainty  of  the  skin  color  that  may  be  evidenced  in  the  off-spring  of 
families  with  an  intermixture  of  white  and  Negro  blood  has  made  for  the  exceed¬ 
ingly  great  interest  in  the  question  of  inheritance  of  skin  color.  Some  investiga¬ 
tors  indicate  a  belief  in  the  inheritance  of  skin  color  in  humans  by  blending. 
Others  indicate  that  there  is  the  probability  of  segregation  in  color  inheritance. 
It  is  probably  true  that  a  combination  of  many  factors  might  account  for  inheri¬ 
tance  of  skin  color.  There  are  however  a  large  number  of  details  that  must  be 

*  Presented  in  part  at  the  24th  General  Meeting  of  the  International  Association  for 
Dental  Research,  Kansas  City  Mo.,  March,  1946,  {J.  D.  Res.  26: 155, 1946}  and  submitted  in 
part  as  a  thesis  for  a  specialist  license  in  Periodontia  to  the  Tennessee  State  Board  of  Dental 
Examiners,  June  1946.  Received  for  publication  June  17,  1946. 

The  aifthor  wishes  to  express  sincere  appreciation  to  the  Viking  Fund,  Inc.  of  New 
York,  for  making  possible  this  publication. 
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fully  worked  out  before  a  completely  satisfactory  solution  to  the  problem  can  be 
presented. 

THE  NATURE  OF  PIGMENTATION 

A  study  of  the  quantitative  distribution  of  pigments  in  the  normal  skin  by 
Edwards  and  Duntley  demonstrated  the  existence  of  5  cutaneous  pigments. 
These  were  melanin,  a  derived  material  described  as  melanoid,  carotene,  reduced 
hemoglobin  and  oxyhemoglobin.  In  addition  these  investigators  confirmed  the 
idea  that  the  colored  races  owe  their  characteristic  colors  only  to  variations  in 
the  amount  of  melanin  and  the  derived  pigment  melanoid. 

Melanin  is  a  product  of  cell  activity  and  is  a  complex  organic  dye  which  varies 
in  color  from  bright  red  and  reddish  yellow  through  light  and  dark  brown  to 
black.  It  can  be  chemically  isolated  from  the  tissues  and  is  known  to  have  a  high 
molecular  weight.  It  is  formed  in  the  protoplasm  of  certain  cells  called  melano- 
blasts  or  pigment-forming  cells.  Melanin  cells  are  normally  present  in  the  un- 
pigmented  skin  as  clear  cells  which  under  the  influence  of  certain  stimuli  (ultra¬ 
violet  rays,  radium  or  roentgen  rays)  enlarge  and  form  melanin.  The  discovery 
of  the  now  famous  ‘dopa  reaction’  by  Bloch  is  regarded  as  being  the  most  signifi¬ 
cant  single  step  in  the  solution  of  the  pigment  problem.  The  reaction  is  a  specific 
indicator  of  the  pigment  producing  power  of  a  cell  and  consists  of  the  production 
of  a  diffuse  blackening  of  the  entire  cellular  protoplasm  as  a  result  of  the  chemical 
reaction  betw’een  3,4-dioxyphenylalanin  (dopa)  and  an  oxidizing  factor  dopa- 
oxydase  (Bloch)  in  the  melanoblasts  with  the  production  of  a  black  melanin-like 
substance.  The  reaction  is  found  only  in  those  cells  which  are  capable  of  pro¬ 
ducing  pigment.  This  intrinsic  source  of  pigmentogenesis  should  be  differen¬ 
tiated  from  cases  in  which  pigment  is  produced  by  extraneous  agents  such  as 
carbon,  coal,  iron  and  the  heavy  metallic  drugs.  In  addition,  Edwards  and 
Duntley  draw  a  distinction  between  primary  and  secondary  normal  melanin 
pigmentation.  The  former  is  controlled  by  racial  and  constitutional  factors 
while  the  latter  varies  with  exposure  to  sunlight  and  disappears  after  removal  of 
this  stimulus. 

The  various  shades  of  pigmentation  in  the  skins  of  Negroes  and  the  brownish 
tint  of  the  skin  of  dark  complexioned  Caucasians  and  of  some  pathologically  pig¬ 
mented  persons  are  attributable  to  an  increased  quantity  of  epidermal  (ecto¬ 
derm)  melanin  and  in  a  much  lesser  degree  to  an  increase  in  dermal  (mesoderm) 
melanin.  Becker  claims  that  the  dermal  pigment  plays  the  more  important  role 
in  excessive  pigmentation  in  some  cases  of  tar  and  arsenical  hyperpigmentation, 
in  cases  of  incontinentia  pigmenti  (Bloch),  and  in  Mongolian  spots  and  blue  nevus 
(Jadassohn).  In  addition  to  this  a  bluish  color  is  more  often  seen  in  the  skins  of 
animals  (e.g.  ape).  This  is  attributable  to  the  large  numbers  of  dermal  melano¬ 
blasts  found  to  be  present  in  these  cases. 

CUTANEOUS  AND  EXTRACUTANEOUS  PIGMENTATION 

In  man,  cutaneous  pigmentation  is  found  over  the  entire  body  surface  and  is 
dependent  on  a  variety  of  factors,  principal  among  which  are  the  thickness  and 
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transparency  of  the  epidermis,  the  blood  content  of  the  superficial  vascular  bed 
and  the  amount  of  pigment.  In  white  individuals  in  whom  lesser  amounts  of 
skin  pigment  are  found,  there  occurs  a  regional  variation  from  greatest  to  least 
as  follows:  nipple  and  areola,  navel,  genitalia,  dorsal  surface  of  the  forearm,  hypo- 
gastrium,  axilla,  epigastrium,  and  finally  the  flexor  surfaces  of  the  extremities  and 
palms  and  soles.  There  is  a  greater  amount  of  pigmentation  in  the  skins  of 
Negroes.  Niedelman  states  that  concentration  of  pigment  in  different  areas  of 
the  body  varies  in  the  Negro  race  in  the  same  manner  as  in  the  white  race.  It 
has  been  my  observation  that  in  some  Negroes  conforming  to  shades  of  ‘very 
dark*  and  ‘light  brown’  (see  classification  which  follows)  there  is  a  tendency  for 
the  concentration  of  skin  pigment  to  be  relatively  uniform,  no  one  region  being 
more  obviously  ‘clinically  pigmented’  than  another.  Negroes  of  ‘brown’  and 
‘fair’  shades  seem  more  nearly  to  conform  to  regional  color  variations. 

Extracutaneous  pigmentation  is  found  in  the  mucous  membranes  of  ectodermal 
origin.  Among  these  are  included  the  inner  surfaces  of  the  male  and  female  pre¬ 
puce,  and  the  superficial  part  of  the  lacteal  ducts  of  the  nipple,  the  anal  canal, 
the  pharynx  and  oral  tissues. 


ORAL  pigmentation 

In  the  case  of  the  oral  tissues,  pigmentation  is  observed  in  a  large  number  of 
individuals  who  evidence  no  pathosis  on  careful  examination.  In  an  examina¬ 
tion  carried  out  on  his  series  of  220  Negro  patients.  Monash  states  that  the  nor¬ 
mal  regional  variation  in  oral  pigment  from  greatest  to  least  is  as  follows:  gums, 
cheeks,  hard  palate,  tongue,  soft  palate,  and  floor  of  the  mouth. 

Oral  pigmentation  is  by  no  means  confined  to  members  of  the  Negro  race. 
It  has  been  reported  in  the  French,  Filipino,  Algerian,  Arabian,  Chinese,  East 
Indian,  German,  Gypsy,  Roumanian  and  natives  of  Asia  minor.  In  addition  to 
these.  Monash  reported  the  occurrence  of  oral  pigmentation  in  members  of  the 
following  groups:  Italian,  Jewish,  Greek,  Porto  Rican,  Syrian,  Peruvian,  and 
Ceylonese.  Physiologic  oral  pigmentation  is  therefore  not  limited  to  any  one 
race  although  it  does  appear  to  be  a  common  characteristic  of  the  darker  races. 
Becker  has  demonstrated  that  although  clinically  absent  some  degree  of  epider¬ 
mal  pigmentation  was  seen  microscopically  in  the  normal  buccal  mucosa  of  74% 
of  53  unselected  autopsies.  All  of  Becker’s  cases  were  white  and  mostly  of  me¬ 
dium  complexion.  As  a  result  of  these  studies  he  concluded  that  pigmentation  of 
the  buccal  mucosa  seemed  to  be  normal. 

The  pigmentation  of  the  oral  tissues  is  comparable  to  the  pigmentation  of  the 
skin.  There  is  a  great  similarity  between  the  histologic  structure  of  the  skin  and 
that  of  the  gingiva,  which  as  has  previously  been  mentioned,  is  one  of  the  more 
accessible  and  usually  one  of  the  more  heavily  pigmented  of  the  oral  tissues. 
The  skin  consists  of  two  layers — a  superficial  epidermis  of  stratified  squamous 
epithelium  and  an  underlying  dermis.  The  epidermis  has  two  layers,  the  stratum 
malpighii  and  the  stratum  comeum. 

In  the  stratum  malpighii  there  is  present  melanin  pigment  which  accumulates 
as  fine  granules  within  the  cells  of  this  region,  particularly  in  the  basal  layer. 
As  these  cells  move  toward  the  stratum  comeum  the  granular  pigment  disappears 
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so  that  only  a  diffuse  coloring  is  observed  in  the  stratum  comeum.  In  the  Negro, 
skin  pigmentation  is  due  to  the  great  amount  of  pigment  in  all  the  layers  of  the 
epidermis.  In  the  dermis  there  are  found  some  melanin-containing  cells  which 
are  called  dermal  chromatophores.  However  the  role  that  these  cells  play  in 
determining  skin  color  is  rather  indefinite. 

In  the  gingiva  there  is  present  epithelium  w'hich  is  of  a  stratified  squamous 
variety.  Homification  of  the  gingiva  is  a  usual  though  not  constant  characteris¬ 
tic.  Located  beneath  the  epithelium  is  the  lamina  propria  or  connective  tissue 
region  which  is  comparable  to  the  deimis  or  corium  of  the  skin.  In  the  basal 
layer  of  the  stratified  squamous  epithelium  are  found  cells  which  may  or  may  not 
contain  pigment  granules  (melanin).  When  this  pigmentation  is  found  in 
Negroes,  then  it  is  an  indication  that  there  are  excessive  numbers  of  the  pigment 
cells  in  this  layer.  Melanoblasts  have  not  been  demonstrated  in  the  lamina  pro¬ 
pria  of  the  gingivae. 

It  may  therefore  be  said  that  these  black  pigments  are  normally  found  in  the 
skin  and  gingiva  in  addition  to  being  found  in  the  other  oral  tissues,  the  iris  and 
choroid  coat  of  the  eye,  the  cerebral  meninges  and  the  hair.  They  are  found  in 
all  human  beings  ^rith  the  exception  of  albinos  in  whom  all  pigment  is  lacking. 
This  condition  of  albinism  is  characterized  by  a  prenatal  partial  or  complete  lack 
of  pigment.  It  is  believed  that  the  condition  is  familial  and  hereditary.  The 
skin  in  the  involved  areas  is  pink  due  to  the  blood  which  is  unrestrictedly  re¬ 
flected  through  the  epidermis,  the  hair  is  white  and  the  person  suffers  from  photo¬ 
phobia  due  to  the  lack  of  protection  afforded  by  ocular  pigment.  A  clinical  ex¬ 
amination  of  the  oral  tissues  reveals  a  complete  absence  of  melanin  pigment. 

RELATIONSHIP  OF  ORAL  TO  CUTANEOUS  PIGMENTATION 

As  has  been  previously  stated,  it  seems  that  physiologic  pigmentation  is  a 
characteristic  of  the  ddrker  races  although  it  is  not  limited  to  any  one  race.  In¬ 
asmuch  as  microscopic  examination  of  areas  of  pigmentation  of  the  oral  tissues 
shows  a  picture  identical  with  that  of  pigmentation  of  the  skin,  it  is  to  be  won¬ 
dered  whether  pigmentation  of  the  oral  tissues  is  constantly  associated  with  cu¬ 
taneous  pigmentation.  Monash  examined  220  Negroes  of  varying  shades  of  pig¬ 
mentation,  and  foimd  that  there  existed  pigmented  spots  in  the  oral  mucosa  in 
95%  of  the  cases.  Of  the  5%  which  showed  no  pigmentation  all  were  of  the 
lighter  group.  How’ever  the  number  of  cases  w'herein  individuals  who  may  be 
classified  as  being  ‘highly  pigmented’  (very  dark  and  browm)  show  no  clinical 
evidencss  of  oral  pigmentation,  is  large  enough  to  question  the  usually  assumed 
unvarying  constancy  of  association  betw^een  oral  and  cutaneous  pigmentation. 

In  the  following  study  636  Negroes  were  examined  to  find  out  the  relationship 
between  oral  tissue  pigmentation  and  skin  color.  The  oral  tissues  w'ere  examined 
under  intra-oral  illuminators  while  the  skin  was  examined  in  bright  daylight. 
Inasmuch  as  there  was  no  attempt  to  compare  the  shades  of  color  of  the  oral 
tissues  and  the  skin,  the  errors  in  these  different  methods  of  examination  were  not 
significant. 

The  oral  tissues  that  usually  evidence  melanogenous  pigmentation  are  the 
gingivae,  buccal  mucous  membranes,  tongue,  hard  palate,  and  lips.  Less  fre- 
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quently  and  obviously,  pigmentation  is  found  in  the  floor  of  the  mouth  and  in  the 
soft  palate.  In  this  study  attention  has  been  directed  to  the  type,  character  and 
region  of  pigmentation  occurring  in  the  gingivae,  buccal  mucosa,  tongue  and  hard 
palate.  The  type  of  pigmentation  was  noted  as  follows:  Absent,  medium  and 
heavy;  the  character  was  described  as  mottled,  partial  or  complete;  and  the  exact 
region  in  which  pigmentation  occurred  was  noted. 

Attention  is  called  to  the  very  valuable  and  important  study  on  the  determina¬ 
tion  of  black  pigmentation  in  the  skin  of  the  American  Negro  by  Todd  and  Van 
Gorder,  in  which  an  exceedingly  high  degree  of  accuracy  in  quantitative  estima¬ 
tion  of  skin  color  was  achieved  by  the  use  of  modifications  of  the  Bradley  color 
top.  The  color  top  was  also  employed  in  Monash’s  observations  on  oral  pig¬ 
mentation  in  220  Negroes.  Such  relatively  accurate  methods  of  determination 
of  percentage  of  black  skin  pigment  were  not  used  in  this  study. 

Under  the  heading  Complexion  there  were  4  divisions:  1.  Very  dark;  2. 
Brown;  3.  Light  brown;  4.  Fair. 

This  arbitrary  classification  is  but  an  approximation  of  the  colors  of  the  skin 
and  does  not  pretend  to  include  all  the  various  shades  of  complexions  that  are 
found  in  members  of  the  so-called  Negro  race,  but  it  was  found  to  be  satisfactory 
for  the  purposes  of  these  observations.  Those  cases  in  which  the  complexion 
was  difficult  to  classify  because  of  a  possible  conflict  in  color  determination  were 
not  used.  The  general  complexion  of  the  skin  in  the  lower  one-half  of  the  face 
(from  the  tip  and  base  of  the  nose  to  the  mentum)  was  used  as  a  basis  of  compari¬ 
son  with  the  color  of  the  oral  tissues.  It  is  true  that  the  color  of  this  portion 
of  the  anatomy  is  often  of  a  shade  different  from  that  of  some  more  protected 
surface.  Exposure  to  the  action  of  the  sun’s  rays  resulting  in  tanning  and  the 
production  of  freckles,  wind,  temperature  changes,  various  cosmetics  and  other 
irritating  factors  usually  result  in  an  increase  in  the  amount  of  melanin  and  a 
darkening  in  color  of  the  part  involved.  The  intraoral  tissues  are  also  exposed 
to  some  of  these  irritating  factors  which  may  influence  their  color. 

Through  the  courtesy  of  the  Department  of  Obstetrics  of  Meharry  Medical 
College,  it  was  possible  to  examine  several  newborn  infants  to  determine  the 
oral  tissue  color  at  this  level  of  development.  All  other  cases  seen  were  patients 
at  the  dental  clinic  of  the  college  where  the  examinations  were  made. 

ResuUs  of  Observations 

In  this  study  observations  were  made  on: 

1.  65  Negroes  of  ‘very  dark’  complexion. 

2.  283  Negroes  of  ‘brown’  complexion. 

3.  127  Negroes  of  ‘light  brown’  complexion. 

4.  94  Negroes  of  ‘fair’  complexion. 

5.  67  Infants. 


Oral  Pigmentation  in  ^Very  Dark'  Negroes 

In  Class  I,  65  individuals  of  ‘very  dark’  complexion  were  examined.  The 
ages  of  these  individuals  ranged  from  17  to  48  years.  49  persons  possessed  a 
heavy  diffuse  type  of  pigmented  gingivae,  11  medium  pigmented  gingivae,  and 
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in  5  cases  pigmentation  was  clinically  absent.  The  pigmented  areas  varied 
somewhat  in  appearance  with  their  location.  In  general  it  may  be  stated  that 
the  amount  of  pigmentation  appeared  to  be  more  concentrated  in  the  anterior 
portion  of  the  mouth,  and  tended  to  diminish  in  the  posterior  regions.  The 
lingual  surfaces  of  the  gingivae  were  less  pigmented  than  the  labial  and  buccal 
surfaces  but  the  quantitative  variations  in  the  regions  of  pigmentation  followed 
the  same  general  pattern  as  the  latter  surfaces. 

The  general  pigmentation  appeared  to  be  a  heavy  deep  purplish  blue  band 
extending  from  the  gingival  crest  practically  all  the  way  up  to  the  muco-labial 
and  muco-buccal  folds  (fig.  1).  There  were  a  few  cases  in  which  the  pigmentation 
did  not  include  about  3mm.  of  the  crests  of  the  gingival  tissue.  This  tissue  was 
pink  and  could  be  classified  as  clinically  non-pigmented  (Jig.  1  A).  Some 
investigators  believe  that  this  lack  of  pigmentation  at  the  gingival  crest  is 
characteristic  of  Negroes,  especially  in  those  cases  where  other  gingival  pigmenta¬ 
tion  is  present.  It  is  claimed  further  that  a  darker  color  change  in  the  gingival 
crests  of  such  cases  is  the  important  point  of  diagnosis  of  the  pigmentation  of 
bismuth  or  other  metallic  poisons.  As  a  result,  many  cases  have  been  diagnosed 
as  bismuth  pigmentations  solely  on  the  basis  of  the  presence  of  a  complete 
pigmentation  up  to  and  including  the  gingival  crests.  This  has  not  been  in 
accord  with  the  author’s  observations.  The  absence  of  gingival  crest  pigmenta¬ 
tion  in  the  presence  of  other  pigmentation  is  to  be  considered  as  one  among  the 
many  variations  of  pigmentation  that  may  be  manifested  in  these  tissues. 

Oral  examinations  of  over  200  Negro  individuals  undergoing  anti-luetic  therapy 
over  varjring  periods  of  time,  from  the  initiation  to  the  completion  of  treatment 
indicated  that,  regardless  of  the  presence  or  absence  of  pigmentation  in  the 
gingival  tissues,  there  was  the  tendency  towards  a  characteristic  staining  of  the 
free  margins  of  the  gingivae  in  individuals  who  had  been  subjected  to  bismuth 
injections*.  In  those  cases  of  severe  bismuth  stomatitis  there  was  an  extension 
of  the  staining  to  involve  tissues  other  than  the  free  gingival  margins.  In  the 
cases  in  which  an  original  pigmentation  existed,  there  occurred  later  a  gray- 
white  or  purple-white  color  that  seemed  to  be  superimposed  on  the  purplish- 
black  base.  It  was  this  color  change  that  formed  a  basis  of  diagnosis  of  bismuth 
intoxication  in  these  specific  cases  rather  than  the  presumed  darker  color  change 
in  those  gingival  crests  which  originally  lacked  the  pigmentation  that  was  present 
in  the  remaining  gingival  tissues. 

The  number  of  cases  in  this  group  in  which  pink  gingivae  were  found  (jig.  S) 
substantiate  the  author’s  previous  criticisms  relative  to  the  imvar3ring  constancy 
of  association  between  oral  and  cutaneous  pigmentation.  In  these  instances 
the  gingivae  were  of  a  uniform  light  pink  color,  translucent,  and  in  addition  they 
possessed  a  dull  stippled  appearance.  Medium  pigmented  tissues  were  those 
that  seemed  to  be  mixtures  of  the  pink  and  highly  pigmented  tissues. 

Examinations  of  the  mucous  membranes  showed  that  in  the  majority  of  cases 

*  These  studies  on  bismuth  pigmentation  in  mouths  with  already  present  oral  pigmenta¬ 
tion  are  in  progress  and  will  be  reported  on  in  a  subsequent  article. 
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these  tissues  were  clinically  pigmented  whenever  the  gingival  tissues  were 
similarly  affected.  In  a  few  cases  the  mucous  membranes  were  pink  while  the 
gingivae  were  pigmented,  but  there  was  not  a  single  instance  in  which  pigmented 
mucous  membranes  accompanied  pink  gingivae.  When  occurring,  the  pig¬ 
mentation  tended  to  be  diffuse,  spreading  over  the  entire  surface,  and  varying 
in  severity  from  a  deep  purplish  color  to  a  very  light  grayish  color. 

Some  pigmentation  of  the  tongue  was  seen  in  15  cases  and  these  were  all 
cases  with  heavily  pigmented  gingivae.  The  pigmentation  occurred  as  light 
brownish  or  more  heavily  pigmented  single  or  multiple  spots  or  plaques  of  varying 
size  on  the  dorsum,  tip  or  sides.  There  was  no  tendency  for  the  pigmentation 
to  be  symmetrical,  and  in  this  respect,  the  tongue  was  unique  inasmuch  as  all 
the  other  ti.ssues  examined  evidenced  a  symmetrically  bilateral  pigmentation. 

In  the  case  of  the  hard  palate  the  incidence,  type  and  severity  of  pigmentation 
was  directly  parallel  to  that  of  the  labial  and  buccal  gingiv'al  tissue.  This  is  to 
be  expected  inasmuch  as  the  lingual  gingival  tissue  is  both  a  continuation  and 
a  part  of  the  hard  palate.  On  the  whole,  the  pigmentation  of  the  tissues  com¬ 
prising  the  hard  palate  appeared  to  be  somewhat  less  quantitatively  than  that 
of  the  labial  and  buccal  gingival  tissues. 

Oral  Pigmvntalion  in  ‘Brown’  Negroes 

In  (’lass  2,  283  individuals  of  ‘brown’  complexion  were  examined.  The  ages 
of  these  people  ranged  from  15  to  54  years.  141  of  the  cases  showed  a  heavy 
(litTuse  type  of  gingival  pigmentation  (fig.  3),  67  showed  a  medium  gingival 
pigmentation,  and  in  75  cases  pigmentation  was  clinically  absent  (Jig.  4)-  As 
can  be  seen  there  were  relatively  more  cases  of  clinically  non-pigmented  gingivae 
here  than  in  (’lass  I.  In  addition  there  were  a  few  cases  where  there  existed  a 
unilateral  and  asymmetrical  type  of  pigmentation  (fig.  4  *!)•  This  was  in 
contrast  to  the  large  majority  of  cases  where  the  tendency  was  for  the  pigmenta¬ 
tion  to  be  symmetrically  bilateral. 

Forty-seven  of  the  cases  examined  in  this  class  showed  mucous  membranes 
with  some  degree  of  pigmentation.  In  these  cases  the  pigmentation  apix'aied 
as  a  symmetrical  diffuse  or  mottled  gray  pink  color  that  seemed  to  be  siqx'r- 
imposed  upon  a  deep  seated  light  brown  base.  These  tissues  were  translucent, 
smooth  and  shiny.  Monash  states  that  the  anterior  third  of  the  cheek  is  the 
area  of  predilection. 

In  71  cases,  pigmentation  of  the  tongue  was  observed.  Generally,  the  pig¬ 
mentation  occurred  as  light  brown  or  purple  spots,  confined  to  the  fungiform 
and  filiform  papillae,  although  in  a  few  cases  there  were  present  pigmented 
placpies  approximately  1  cm.  square.  As  in  Class  I,  the  pigmentation  was 
asymmetrical. 

Pigmentation  in  the  hard  palate  very  closely  paralleled  that  on  the  labial  and 
buccal  surfaces  in  incidence  and  type,  even  though  there  appeared  to  be  a  gener¬ 
ally  lesser  amount  of  pigment  in  these  tissues. 
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Fig.  1.  Negro  female  aged  21  years  of  ‘very  dark’  complexion  with  diffuse  heavily  pig¬ 
mented  gingival  tissues.  The  buccal  mucous  membranes  are  of  a  grayish  purple  color,  the 
tongue  is  light  pink  with  pigmented  macules  on  the  tip  and  sides,  and  the  hard  palate  is 
heavily  pigmented  especially  near  the  cervical  portions  of  the  teeth.  The  lips  are  heavily 
pigmented. 

Fig.  lA.  shows  a  Negro  male  aged  38  years  of  ‘very  dark’  complexion  with  edentulous 
mouth  showing  a  heavy  purplish  black  pigmentation.  In  the  crest  of  the  upper  arch  can 
be  seen  a  continuous  pink  ridge  devoid  of  pigment.  This  would  probably  correspond  to  the 
pink  gingival  crest  areas  in  those  dentulous  cases  with  other  gingival  pigmentation.  The 
mucous  membranes  are  of  a  bluish  gray  color,  the  tongue  reddish  pink,  and  the  hard  palate  a 
purplish  black  color,  greatest  near  the  linguo-gingival  tissues.  The  outer  borders  of  the 
upper  and  lower  lips  are  brownish  black  in  color. 

Fig.  2.  Negro  female  aged  32  years  of  ‘very  dark’  complexion  with  pink  gingivae  com¬ 
pletely  devoid  of  any  clinical  evidences  of  pigmentation.  The  mucous  membranes  of  the 
lips  and  cheeks  are  pink,  the  tongue  reddish  pink,  the  hard  palate  pale  pink  and  the  outer 
borders  of  the  lips  are  highly  pigmented. 

Fig.  5.  Negro  female  aged  22  years  of  ‘brown’  complexion  with  a  diffuse  type  of  heavy 
purplish  brown  pigmentation  of  the  gingivae.  The  buccal  mucous  membranes  are  slightly 
pigmented  appearing  somewhat  grayish  in  color.  The  tongue  is  pink,  the  hard  palate  is 
heavily  pigmented  especially  near  the  gingival  tissues,  and  the  outer  borders  of  the  lips  are 
highly  pigmented. 

Fig.  i.  Negro  female  aged  31  years  of  ‘brown’  complexion  with  light  pink  gingivae  lacking 
clinical  signs  of  pigmentation.  The  mucous  membranes  are  pink,  the  tongue  reddish  pink 
and  the  hard  palate  a  pale  pink.  The  outer  borders  of  the  upper  and  lower  lips  are  of  a 
medium  brown  pigmentation. 

Fig.  JiA.  Negro  female  aged  24  years  of  ‘brown’  complexion  with  asymmetrical  pigmenta¬ 
tion  of  the  gingival  tissues.  The  left  portion  of  the  upper  gingival  tissues  are  of  a  brownish 
pigmentation  while  the  right  portion  has  a  pink  area  surrounded  by  a  lighter  brownish  bor¬ 
der.  In  the  lower  arch  there  is  an  area  of  deep  purplish  brown  pigmentation  to  the  mesial 
of  the  right  cuspid.  The  whole  lower  anterior  region  is  pink,  while  the  posterior  region  is  of 
a  light  brownish  color.  This  may  be  considered  a  form  of  ‘piebald’  gingival  tissue.  The 
mucous  membranes  are  pink  and  the  tongue  reddish  pink.  The  hard  palate  is  pink  and 
shows  no  evidence  of  pigmentation  near  the  gingival  tissues.  The  outer  borders  of  the  lip 
are  of  a  brownish  color. 

Fig.  6.  Negro  female  aged  18  years  of  Hight  brown’  complexion  with  gingival  tissues  of 
light  brownish  pink  pigmentation.  The  buccal  mucous  membranes  are  pink  and  the  tongue 
reddish  pink.  The  hard  palate  is  of  a  light  brown  pigmentation  especially  near  the  lingual 
gingivae,  and  the  outer  borders  of  the  upper  and  lower  lips  are  brownish  pink. 

Fig.  6.  Negro  female  aged  22  years  of  ‘light  brown’  complexion  with  gingival  tissues  of  a 
reddish  pink  color  without  any  clinical  evidences  of  pigmentation.  The  mucous  membranes 
are  pink,  the  tongue  reddish  pink  and  the  hard  palate  light  pink.  The  outer  borders  of  the 
upper  and  lower  lips  are  slightly  pigmented. 

Fig.  7.  Negro  female  aged  19  years  of  ‘fair’  complexion  with  gingival  tissues  having  a 
slight  brownish  pink  pigmentation  in  the  upper  and  lower  anterior  areas.  The  greatest 
concentration  of  pigment  is  in  the  cuspid  area.  The  buccal  and  labial  mucous  membranes 
are  light  pink  and  the  tongue  reddish  pink.  The  hard  palate  is  light  pink  and  contains  a 
line  of  light  brown  pigmentation  around  the  linguo-gingival  portions  of  all  the  teeth.  The 
lips  are  reddish  pink  in  color. 

Fig.  8.  Negro  female  aged  27  years  of  ‘fair’  complexion  with  gingival  tissues  and  mucous 
membranes  of  light  pink  color.  No  clinical  evidences  of  pigmentation  are  present.  The 
tongue  is  reddish  pink,  the  hard  palate  light  pink,  and  the  outer  borders  of  the  upper  and 
lower  lips  are  reddish  pink. 
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Oral  Pigmentation  in  ‘Light  Brown*  Negroes 

In  Class  3,  127  Negroes  of  ‘light  brown’  complexion  were  examined.  The 
ages  of  these  people  ranged  from  16  to  38  years.  None  of  the  cases  showed  a 
heavy  diffuse  type  of  gingival  pigmentation.  73  showed  some  degree  of  gingival 
pigmentation  (Jig.  6)  and  in  54  cases  pigmentation  was  clinically  absent  (jig.  6) 
When  present,  the  pigmented  areas  appeared  as  flat  light  brown  irregularly 
circular  areas  which  occupied  approximately  the  central  portion  of  the  gingival 
surface.  It  is  of  interest  to  note  that  in  none  of  the  cases  in  this  group  was 
there  found  a  color  approximating  that  of  the  greatest  amount  of  pigment  found 
in  cases  in  Class  I. 

Only  22  individuals  in  this  group  possessed  mucous  membranes  that  were 
cUnically  pigmented,  and  in  no  case  did  the  intensity  exceed  a  deep  grayish 
pink.  In  none  of  the  cases  examined  w’as  there  any  evidence  of  pigmentation 
of  the  tongue. 

The  hard  palate  was  pigmented  in  45  cases.  This  was  generally  a  lesser 
amount  of  pigmentation  in  this  region  than  was  found  on  the  labio  and  bucco 
gingival  surfaces. 

Oral  Pigmentation  in  ‘Fair’  Negroes 

In  Class  4,  94  Negroes  of  ‘fair’  complexion  were  examined.  The  ages  of 
these  people  ranged  from  17  to  48  years.  Of  the  94  cases  examined,  only  43 
showed  any  clinical  evidence  of  gingival  pigmentation.  In  the  majority  of 
cases  the  pigmentation  was  shght  and  appeared  as  flat  very  light  brownish 
areas  somewhat  elliptical  and  with  the  deepest  concentration  of  pigment  approxi¬ 
mately  in  the  center  of  the  gingival  surface  (fig.  7).  In  51  cases  clinical  pigmen¬ 
tation  was  absent  (fig.  8). 

Four  cases  showed  slight  grayish  pigmented  mucous  membranes.  In  no  case 
did  the  tongue  show  any  evidence  of  melanin  pigmentation. 

Thirty-three  cases  showed  a  very  slight  pigmentation  in  the  gingival  portion 
of  the  hard  palate  near  to  the  amelocemental  line. 

Oral  Pigmentation  in  the  Newborn 

Oral  examinations  made  of  new  bom  infants  showed  that  in  these  cases 
gingival  pigmentation  was  present  as  early  as  3  hours  after  birth.  In  many 
cases  pigmentation  was  observed  only  on  the  gingival  surfaces.  This  is  in  accord 
with  Monash’s  observations  that  clinical  pigmentation  develops  first  on  the 
gingival  surface.  In  a  total  of  67  infants,  only  1  was  classified  as  fair.  In  this 
case  there  was  no  evidence  of  gingival  pigmentation.  In  the  23  infants  classified 
as  ‘light  brown’,  only  8  showed  some  slight  evidence  of  gingival  pigmentation. 
The  large  majority  of  ‘brown’  and  ‘very  dark’  infants  showed  gingival  pigmenta¬ 
tion  ranging  from  a  very  light  brown  in  most  cases,  to  a  purplish  brown  color. 
In  an  examination  of  18  infants  in  the  first  week  of  life.  Monash  found  some 
pigmentation  in  6  of  these  infants.  He  states  that  there  is  a  relative  paucity 
of  both  skin  and  oral  pigmentation  at  birth,  but  that  increased  skin  pigmentatiim 
occurs  during  the  first  few  years  of  life  and  is  accompanied  by  increased  oral 
pigmentation. 
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SUMMARY  AND  CONCLUSIONS 

Clinical  observations  indicate  that  in  Negroes  with  very  dark  skin  colors, 
there  is  a  strong  tendency  for  the  oral  tissues  to  be  highly  pigmented.  As  the 
skin  color  lightens,  there  is  less  of  a  tendency  for  the  oral  tissues  to  be  pigmented, 
so  that  in  very  light  Negroes,  obviously  pigmented  oral  tissues  are  seldom 
observed.  It  is  no  rarity,  however,  to  find  in  Negroes  of  very  dark  skin  colors 
oral  tissues  that  give  no  clinical  evidences  of  melanin  pigmentation.  Conversely, 
some  degree  of  pigmentation  has  often  been  found  in  the  mouths  of  many  mem¬ 
bers  of  the  Caucasian  group. 

Custom,  ignorance  and  superstition  have  often  made  for  occasional  undesirable 
psychological  reactions  against  the  presence  of  this  oral  pigmentation.  Many 
have  claimed  that  its  appearance  is  unesthetic  and  unsightly  with  the  result  that 
attempts  have  been  made  to  eliminate  it  when  present.  Hirschfeld  is  credited 
with  making  some  of  the  initial  attempts  at  a  method  of  eliminating  gingival 
pigmentation.  Attention  is  called  to  fig.  S.  The  harmonious  blending  of 
gingival  and  cutaneous  pigmentation  produces  an  unmistakable  esthetic  effect. 

In  the  examinations  carried  out  in  this  series  of  adult  patients,  the  following 
was  the  order  of  frequency  of  occurrence  of  pigmentation:  Gingival  tissues  in 
67%  of  all  cases,  hard  palate  in  61%,  mucous  membranes  in  22%,  and  the  tongue 
in  15%. 

The  skin  and  the  oral  tissues  are  the  2  tissues  in  which  color  characteristics 
can  be  most  easily  noted.  An  im varying  constancy  of  association  of  the  presence 
of  pigmentation  in  these  tissues  has  been  assumed,  and  used  as  a  basis  of  racial 
grouping.  The  inconsistency  of  this  presumed  association  together  with  the 
unlimited  variations  in  the  manifestations  of  pigmentation  when  the  latter 
does  occur  indicate  that  any  identification  of  racial  grouping  solely  on  the  basis 
of  color  changes  would  be  very  inaccurate  and  unscientific.  The  presence  of 
oral  pigmentation  may  be  employed  as  a  basis  for  the  diagnosis  of  various  dental, 
systemic  and  more  recently,  various  occupational  diseases.  The  presence  of 
sub-gingival  calculus  and  its  production  of  a  darkened  effect  on  the  gingival 
tissues,  the  generalized  pigmentation  of  the  oral  mucosa  in  Addison’s  disease, 
and  the  oral  tissue  discolorations  subsequent  to  exposure  to  bismuth,  lead  and 
mercury — are  just  a  few  pertinent  examples  of  cases  in  which  the  pigmentation 
is  of  diagnostic  importance.  However,  further  study  on  this  subject  is  needed 
in  order  to  furnish  adequate  information  about  the  early  recognition  of  many 
other  pathological  conditions  so  that  they  may  be  treated  or  prevented  at  the 
earliest  opportunity. 


REFERENCES 

Beckeb,  S.  W.,  Melanin  Pigmentation.  Arch.  Derm,  and  Syph.,  16  :  259,  1927. 

Becker  and  Obermater,  Modern  Dermatology  and  Syphilology.  (Philadelphia,  J.  B. 
Lippincott:  1940.) 

Ddmmett,  C.  O.,  Clinical  Observations  on  Pigment  Variations  in  Healthy  Oral  Tissues  of 
the  Negro.  J.  D.  Res.,  24  :  7,  1945. 

Edwards,  E.  A.  and  Duntlet,  S.  O.,  Pigments  and  Color  of  Living  Human  Skin.  Am. 
J.  Anat.,  66:  1,  1939. 


432 


CLIFTON  O.  DUMMETT 


Hirschfeld,  I.  AND  Hirschfeld,  L.,  a  Method  of  Eliminating  Ginigval  Pigmentation. 
J.  D.  Res.  1946. 

Jeghers,  H.  Pigmentation  of  the  Skin.  New  England  J.  Med.,  231:  88,  122,  181,  1944. 
Lewis,  J.,  The  Biology  of  the  Negro.  (Chicago,  University  of  Chicago  Press:  1942.) 
Monash,  S.,  Normal  Pigmentation  of  the  Oral  Mucosa.  Arch.  Derm,  and  Syph.,  261:  139, 
1932. 

Niedelman,  M.  L.,  Abnormalities  of  Pigmentation  in  the  Negro.  Arch.  Derm,  and  Syph., 
61:  1,  1945. 

Orban,  B.,  Oral  Histology  and  Embryology.  (St.  Louis,  C.  V.  Mosby  Co.,  1944.) 

Todd,  T.  W.  and  Van  Gorder,  Quantitative  Determination  of  Black  Pigmentation  in 
the  Skin  of  the  American  Negro.  Am.  J.  Phys.  Anthrop.  4:  239,  1921. 


ANESTHESIA  INDUCED  BY  LOCAL  REFRIGERATION 
OF  THE  JAWS'  * 

J.  S.  RESTARSKI,  D.D.S.,  M.D.S. 

From  the  Naval  Medical  Research  Institute,  National  Naval  Medical  Center,  Bethesda,  Md. 

Alleviation  of  pain  in  dental  operations  by  using  local  refrigeration  (this  does 
not  imply  freezing)  was  reported  as  early  as  1863.  At  that  time,  Oudry  (1) 
described  an  apparatus  for  cooling  the  teeth  prior  to  extraction.  Chaydeane 
and  Black  (2)  in  1937,  employing  a  method  similar  in  principle  to  that  us^  by 
Oudry,  conducted  experiments  on  dogs  and  two  hmnan  subjects.  They  used 
small  hollow  metallic  applicators  held  firmly  against  the  gingival  tissues  at  the 
level  of  the  root  of  the  tooth.  Brine  chilled  at  33°F.  was  circulated  through  the 
applicators.  They  found  that  dental  anesthesia,  as  determined  by  the  reaction 
of  the  subjects  to  an  electric  pulp  tester,  was  effected  in  “less  than  a  minute.” 

In  a  preliminary  study  at  this  Institute  (3),  histologic  investigation  disclosed 
that  continuous  cooling  of  localized  areas  in  the  jaws  of  dogs,  at  1-2°C.  for  as 
long  as  two  hours,  did  not  produce  pathologic  changes  in  the  gingivae,  teeth,  or 
related  structures. 

In  view  of  these  results  with  dogs,  it  was  decided  to  test  the  eflBcacy  of  refrigera¬ 
tion  as  a  local  anesthetic,  by  drilling  and  filling  the  teeth  of  human  subjects.  The 
preliminary  findings  were  encouraging  in  that  of  twenty-two  cavities  prepared, 
fifteen  operations  were  completely  painless,  while  in  seven,  a  mild  degree  of  pain 
was  experienced.  Similar  results  were  recently  reported  in  clinical  trials  on  nine 
patients  at  the  School  of  Dental  and  Oral  Surgery,  Columbia  University  (4). 

In  the  study  reported  here,  additional  trials  on  human  subjects  were  made  to 
determine  more  completely  the  effectiveness,  limitations,  and  practicability  of 
this  t)rpe  of  local  anesthesia  and  improvements  in  the  refrigerating  apparatus, 
particularly  in  the  construction  of  gingival  applicators.  Additional  temperature 
and  histologic  studies  were  carried  out  on  dogs. 

PROCEDURES 

Refrigerating  unit  and  applicators. — The  cooling  system  used  in  this  study  was 
a  thermostatically  controlled  Freon  unit  (fig.  1).  The  use  of  Freon  was  a  great 
improvement  over  the  ice-salt  mixture  employed  in  a  previous  study  (3).  The 
circulating  refrigerant  employed  (alcohol,  35%,  and  water,  66%)  was  the  same  in 
both  studies. 

^  The  material  in  this  article  should  be  construed  only  as  the  personal  opinion  of  the 
writer  and  not  as  representing  the  opinion  of  the  Navy  Department  officially. 

*  Received  for  publication  July  10,  1946. 
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A' 

A -Gingival  applicotorS' 
AC* Alternating  current 

D  B-  Alcohol -water  solution 

C-  Compressor 
D  -  Oewor  flask 
F-  Refrigerant  coil 
M- Motor 

P-  Centrifugal  pump 
R-  Rheostat 
T-  Thermostot 
T, -Tj  -  Thermometers 

Schematic  diagram  of  thermostatically  controlled  refrigeration  unit 


Fig.  i.  Applicators  in  anterior  mandibular  position 
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The  lowering  of  the  temperature  of  the  refrigerant  passing  through  the  appli¬ 
cators  was  controlled  by  regulating  the  speed  of  the  centrifugal  pump  with  a 
rheostat.  This  feature  was  important,  since  abrupt  changes  in  temperature 
caused  moderately  severe  pain  in  the  jaws.  This  was  true  whether  the  tempera¬ 
ture  rose  or  fell.  On  discontinuing  refrigeration,  it  was  found  that  leaving  the 
applicators  in  position  on  the  jaw  for  about  2  minutes  after  stopping  the  circula¬ 
tion  of  the  refrigerant,  permitted  sufficiently  gradual  warming  to  prevent  pain. 


Fig.  S.  External  view  of  applicator  in  molar  position. 


An  initial  temperature  of  about  18°C.  was  comfortably  tolerated.  There¬ 
after,  a  temperature  change  of  5  to  6  degrees  per  minute  could  be  tolerated  with 
little  or  no  discomfort.  Using  the  present  unit,  it  was  possible  for  the  subject  to 
regulate  the  rheostat,  and  thus  control  the  decrease  in  temperature  at  a  com¬ 
fortable  rate. 

The  most  difficult  part  of  this  problem  has  been,  and  still  is,  the  construction 
of  suitable  gingival  applicators  that  can  be  used  interchangeably  from  one  sub¬ 
ject  to  another.  Modifications  were  incorporated  in  the  present  design  permit¬ 
ting  better  access  to  the  various  surfaces  of  the  tooth  to  be  drilled  {jigi.  2  and  S), 
but,  in  the  majority  of  instances,  it  was  practically  necessary  to  construct  a  new 
applicator  to  fit  each  individual  case. 

The  hollow  metallic  applicators  were  made  of  silver  (Jig.  4)  to  afford  better 
conductivity.  Retention  of  the  applicators  in  the  proper  gingival  position  was 
attained  by  the  addition  of  flat  spring  extensions,  made  of  phosphor-bronze,  to 
the  wings  of  standard  rubber-dam  clamps. 

Procedure  on  human  svJbjects. — The  effectiveness  of  the  local  anesthesia  was 
tested  by  drilling  and  filling  the  carious  teeth  of  naval  personnel.  As  reported 
earlier  (3),  all  cavity  preparations  were  begun  without  refrigeration,  and  drilling 
was  continued  until  a  definite  sensation  of  pain  was  experienced  by  the  patient  in 
order  to  present  an  adequate  control.  Once  the  coccurrence  of  pain  was  clearly 
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established,  the  applicators  were  placed  in  position  in  the  gingival  root  area  of 
the  tooth  and  refrigeration  was  begun.  When  refrigeration  (at  1-2°C.)  had  been 
in  progress  from  3  to  5  minutes,  preparation  of  the  cavity  was  resumed. 

The  major  portion  of  the  drilling  of  the  cavity  was  now  completed.  It  was 
during  this  portion  of  the  drilling  that  observations  on  the  degree  of  anestheaa 
were  made.  Following  this,  the  applicators  were  removed  and  enough  time 
(about  3  minutes)  was  allowed  for  normal  sensation  to  return.  Drilling  of  the 
cavity  was  again  resumed,  since  pain  may  diminish  or  even  disappear  during 
preparation  of  a  ca\dty.  Only  those  cases  in  which  pain  recurred,  after  refrigera¬ 
tion  was  discontinued,  were  included  in  this  study. 

Dog  experiments. — In  a  subsequent  experiment,  areas  of  the  mandible  of  a  dog, 
approximately  1  year  old,  were  cooled  at  0°  to  1®C.  for  2-hour  periods.  Four 
different  areas  were  refrigerated,  2  weeks,  1  week,  2  days,  and  15  minutes,  re¬ 


spectively,  before  sacrificing  the  animal.  By  this  procedure,  it  was  hoped  to 
detect  early  and  late  changes  in  the  inferior  alveolar  nerves  and  in  the  nerves  of 
the  uncalcified  tissues  overlying  the  mandible. 

Upon  completion  of  the  experiments,  the  dog  was  killed  by  an  overdose  of 
nembutal  (pentobarbital  sodium)  given  intravenously,  and  perfused  through  the 
aorta  with  10%  neutral  formalin.  The  desired  jaw  sections  were  then  removed 
and  both  inferior  alveolar  nerves  carefully  dissected  out.  Sections  of  the  buccal 
and  lingual  uncalcified  tissue  w'ere  also  taken  from  the  surface  of  the  mandihle 
and  preserved  for  study. 

Since  the  sections  in  the  earlier  study  (3)  were  stained  with  hematoxylin  and 
eosin,  it  could  not  be  determined  whether  changes  occurred  in  the  detailed  por¬ 
tions  of  the  nerves,  particularly  in  the  nerve  fibers,  axis  cylinder,  and  myelin 
sheath.  The  specimens  in  the  present  study  were  treated  with  Bodian’s  silver 
stain  for  fibrils  and  axis  cylinders,  and  with  Spielmyer’s  myelin  sheath  stain. 

In  another  experiment  using  2  dogs,  approximately  1  to  2  years  old,  tempera¬ 
ture  measurements  were  taken  from  the  mandible  during  local  refrigeration  at 
0°  to  1°C.  The  measurements  were  made  by  copper-constantan  thermocouples, 
placed  in  the  various  portions  of  the  mandible,  and  a  Leeds-Northrup  potenti¬ 
ometer.  Measurements  were  taken  from  the  following  areas  of  the  mandihle: 
(a)  at  the  root  end  of  the  tooth  adjacent  to  the  inferior  alveolar  nerve;  (b)  at  the 
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junction  of  the  periosteum  and  bone;  and(c)  at  the  surface  of  contact  of  the  re¬ 
frigerating  applicator  and  mucous  membrane. 

For  experiment,  the  animals  were  anesthetized  with  nembutal  by  intravenous 
injection  of  0,5  ml/kg.  of  body  weight.  A  thermocouple  was  then  placed  in  the 
area  of  the  inferior  alveolar  nerve  through  a  hole  drilled  axially  in  a  molar  in 
which  the  pulp  canal  was  sufficiently  enlarged.  Once  the  thermocouple  and 
gingival  applicators  were  in  position  on  the  jaw,  refrigeration  at  0®  to  1®C.  was 
begun  and  the  temperature  read  on  the  potentiometer.  Temperature  measure¬ 
ments  were  also  taken  from  the  other  areas  of  the  mandible  by  a  similar 
procedure. 


Fig.  6.  Temperature  •measurements  taken  from  the  mandible  of  a  dog,  using  copper- 
constantan  thermocouple  placed  near  the  inferior  alveolar  nerve.  During  local  refrigera¬ 
tion  (temperature  of  refrigerant  at  applicators  0-l°C.) 

RESULTS 

Temperature  measurements  in  the  mandibles  of  dogs. — ^The  lowest  temperature 
attained  in  the  area  of  the  inferior  alveolar  nerve  was  approximately  11.5°C. 
(thickness  of  jaw  between  applicators  was  9  mm.).  Repeating  the  same  ex¬ 
periment  using  a  dog  whose  mandible  was  16  mm.  thick,  a  low  temperature  of 
13.6°C.  was  reached.  The  most  rapid  fall,  a  decrease  from  approximately  37°  to 
15°C.,  took  place  within  7  minutes  after  refrigeration  was  begun  (Jig.  5).  The 
subsequent  drop  in  temperature  was  considerably  slower  (approximately  4.5°C. 
in  16  minutes).  Upon  discontinuing  the  circulation  of  the  refrigerant,  a  rapid 
rise  in  temperature  was  noted  (from  approximately  13.6°  to  34.6°C.)  within  6 
minutes. 

The  lowest  temperature  reached  in  the  area  between  the  bone  and  periosteum 
was  approximately  7.5°C.  (Jig.  6).  At  the  contact  surface  of  the  mucous  mem¬ 
brane  and  the  applicator,  the  lowest  temperature  registered  was  about  2.8°C. 
(fig.  6).  In  general,  the  decrease  and  return  to  normal  temperature  followed  the 
pattern  observed  in  measurements  taken  at  the  inferior  alveolar  nerve. 
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Histologic  studies  of  nerves. — There  was  no  evidence  of  injury  in  the  axis 
cylinders,  nerve  fibers,  nor  in  the  myelin  sheath  of  the  inferior  alveolar  nerves,  or 
the  nerves  of  the  mucous  membrane  and  periosteum,  following  refrigeration  of 
localized  areas  in  the  mandible  at  0°-L5°C.  for  2-hour  periods. 

Results  of  trials  with  human  subjects. — Fifty-two  cavities  were  prepared  for 
filling  in  33  individuals  (Table  I).  In  34  instances,  complete  anesthesia  was  ob¬ 
tained;  in  13,  very  mild  to  moderate  pain  was  experienced;  and  in  5  cases  there 
was  little  or  no  anesthesia.  The  failure,  in  some  instances,  to  obtain  adequate 
anesthesia  cannot  be  satisfactorily  explained  at  this  time.  It  may  be  due  to 
improper  adaptation  of  the  applicators  to  the  jaw,  or  possibly  to  the  fact  that  the 
area  refrigerated  was  too  small. 


Fig.  6.  Temperature  measurements  taken  from  the  mandible  of  a  dog,  using  copper- 
constantan  thermocouples  placed  between  the  bone  and  periosteum,  and  mucous  membrane 
and  applicator,  during  local  refrigeration  of  the  jaw  (temperature  of  refrigerant  at  appli¬ 
cators  0-l®C.) 

In  4  attempts  to  obtain  block  anesthesia,  i.e.,  chilling  the  mandibular  nerve 
distal  to  the  cavity  to  be  treated,  complete  numbing  of  the  cavity  occurred  in  1 
instance,  while  in  3  only  mild  pain  was  experienced. 

As  reported  earlier  (3),  no  deleterious  effects  have  been  observed  as  following 
the  cooling  of  localized  areas  in  the  maxillae  or  mandible.  Checkups,  in  some 
cases  after  more  than  a  year  had  elapsed,  have  not  disclosed  any  gross  changes  in 
the  gingivae  or  teeth. 

Obviously,  the  practical  use  of  refrigeration  anesthesia  in  dental  procedures 
will  depend  upon  factors  like:  simplification  of  the  applicator  design,  production 
of  effective  anesthesia  consistently,  and  its  usefulness  in  the  extraction  of  teeth. 

SUMMARY 

1.  Temperature  measurements  were  taken  in  dogs  from  areas  of  mandibles 
cooled  |y  applicators  through  which  a  refrigerant  at  0®  to  1®C.  was  circulated. 
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PIEPAIATION* 

ACE** 

SEX** 

PAIN  SENSATION  TO  DEIIXINO 
UNDEK  KEFEIGEEATION 

(r-2*  C.) 

APPmOXlMATE 
TllCE  TO  OBTAIN 
EFPECnVE 
ANESTHESIA 

AFPEOXnCATE 

DUEATION  OP 

BEPEIGEEATION 

AT 

30-0 

yrs. 

20 

M 

None 

minutes 

4 

minutes 

10 

14— M— 0 

20 

M 

None 

3 

12 

15-0—0 

20 

M 

None 

3 

7 

19-DO 

28 

F 

None 

5 

12 

9-D 

23 

M 

None 

3i 

5 

10-D 

23 

M 

Mild 

4 

6 

4—0 

19 

F 

Very  mild 

4 

5 

3-0 

19 

M 

None 

4 

7 

3-0 

19 

F 

None 

4J 

6 

7-D 

23 

M 

Very  mild 

4 

5 

3-MO 

19 

M 

None 

4 

10 

31— D 

22 

F 

None 

5 

12 

1&-0 

19 

M 

None 

3i 

12 

3-0 

19 

M 

None 

4 

9 

8-M 

20 

M 

Very  mild 

3 

8 

9— M 

20 

M 

Very  mild 

3 

7 

31-0 

22 

F 

None 

5 

8 

6— E 

21 

M 

None 

4 

5 

23— D 

23 

M 

None 

4 

5 

2&-D 

23 

M 

None 

4 

4 

6— E 

22 

M 

MUd 

5 

5 

5-MO 

19 

M 

None 

4J 

6 

10— M 

19 

M 

None 

5 

8 

9-D 

19 

M 

Moderately  severe 

17 

8-D 

19 

M 

Moderately  severe 

18 

20-MO 

19 

M 

None  (Applicators 

8 

12 

7— D 

18 

M 

placed  l^tween  teeth 
18-19) 

None 

i 

5 

6 

31— E 

20 

M 

Moderately  severe 

12 

29— MO 

20 

M 

Mild  (Applicators 

9 

14 

5-DO 

20 

M 

placed  between  teeth 
31-32) 

Mild 

5 

15 

»-M0 

24 

M 

None 

4i 

17 

4-D 

21 

M 

None 

4i 

8 

28-DO 

22 

F 

None 

5 

10 

20-0 

30 

M 

Moderate 

6 

18 

21— E 

30 

M 

Moderate 

6 

10 

20-0 

30 

M 

Mandibular  nerve  block 

13 

14—0—0 

30 

M 

(conduction  anesthesia) 
partially  effective 

None 

4 

5 

8— M 

19 

M 

None 

4 

8 

9— M 

19 

M 

None 

4 

8 

30-01 

30 

M 

Very  mild 

6 

12 
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TABLE  I — Concluded 


PIEPAAATION* 

AOB** 

SEX” 

PAIN  SENSATION  TO  DUIXINO 
UNDBE  EEPXIGEEATION 

(l*-2*  C.) 

APPEOXIMATS 
TIME  TO  OBTAIN 
BPPBCnVS 
ANESTHESIA 

APPBOXmATt 
DUEAnON  OP 
EXPUGKBATIOa 
AT 

3— MO 

yrs. 

24 

F 

None 

minutes 

4J 

minutes 

9 

4— DO 

24 

F 

None 

4 

5 

9— D 

37 

M 

None 

4 

5 

19— MO 

32 

M 

Very  mild 

4i 

15 

2— MO 

24 

F 

None 

5 

12 

5-DO 

24 

F 

None 

5 

9 

9— D 

38 

M 

None 

5i 

5 

3— MO 

32 

M 

None 

4J 

10 

3a-E 

32 

M 

Very  mild  (Block 

10 

20 

30— E 

32 

M 

attempted) 

None 

5 

20 

30— MO 

29 

M 

Severe 

20 

19— E 

32 

M 

None 

5 

15 

•  O  =  Occlusal. 

M  =  Mesial. 

D  =  Distal. 

E  =  External. 

I  =  Internal.  ; 

•*  Individual  subjects  are  grouped  as  to  age  and  sex. 

The  lowest  temperature  attained  in  the  area  of  the  inferior  alveolar  nerve  was 
11.5®C.;  between  the  bone  and  periosteum,  7.5®C.;  and  the  lowest  registered  at 
the  surface  of  the  mucous  membrane  in  contact  with  the  applicator  was  2.8°C. 

2.  Histologic  investigation  of  nerves  from  canine  mandibles  subjected  to  con¬ 
tinuous  local  refrigeration  at  0°  to  1°C.  for  2-hour  periods  did  not  disclose 
evidence  of  injury  to  either  the  inferior  alveolar  nerves,  or  to  the  nerves  of  the 
mucous  membrane  and  periosteum. 

3.  Fifty-two  cavities  were  prepared  for  filling  under  local  refrigeration  at  1® 

to  2°C.  in  the  teeth  of  33  members  of  the  naval  service.  In  34  instances  (63%), 
complete  anesthesia  was  obtained;  in  thirteen  (25%),  very  mild  to  moderate  pain 
was  experienced;  and  in  five  (10%),  there  was  Uttle  or  no  anesthesia.  1 

The  author  is  indebted  to  Captain  A.  P.  Black,  MC(S),  USNR,  for  initiating  this  study; 
to  Lieutenant  C.  R.  Spealman,  H(S),  USNR,  for  assistance  in  the  temperature  studies  on 
dogs;  to  Lieutenant  (jg)  A.  M.  Laskey,  H(W),  USNR,  who  prepared  the  nerve  tissue  sec¬ 
tions;  to  Commander  J.  L.  Tullis,  (MC),  USN,  and  to  Lt.  Commander  R.  H.  Pudeni, 
MC(S),  USNR,  who  assisted  in  histologic  interpretation. 
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THE  RELATION  OF  PENICILLIN  TO  INDUCED  RAT  DENTAL 
CARIES  AND  ORAL  L.  ACIDOPHILUS^ 

F.  J.  McCLURE*  AND  W.  L.  HEWITT* 

National  Inatitxde  of  Health,  Bethetda,  Md. 

A  diet  consisting  largely  of  coarse-ground  com  meal  will  usually  cause  a  high 
^incidence  of  carious-like  lesions  in  molar  teeth  of  the  white  rat  (1).  Either 
^  fluoride  or  iodoacetate  in  the  diet  and  drinking  water,  however,  will  markedly 
inhibit  this  induced  form  of  rat  caries  (2).  Preliminary  results  now  indicate  an 
inhibition  of  such  rat  caries  and  a  striking  reduction  in  counts  of  oral  L.  acidophi¬ 
lus  by  adding  penicillin  to  rats’  food  and  drinking  water.  In  vitro,  L.  acidophilus 
is  susceptible  to  penicillin  (3).  Other  studies  (4)  have  demonstrated  a  rapid  fall 
in  the  total  bacteria  of  the  oral  cavity  after  application  of  penicillin  pastilles. 

In  this  study  experimental  rats,  matched  with  litter-mate  controls,  received  a 
com  meal  caries-inducing  diet  containing  75  units  of  penicillin^  per  gram  and 
drank  water  containing  75  units  per  ml.  Control  rats  of  the  pairs  received  no 
penicillin.  The  penicillin  diet  and  penicillin  drinking  water  were  renewed  daily, 
numerous  assays  (5,  6)  having  revealed  practically  no  deterioration  of  peniciUin 
in  the  diet  and  water  after  standing  24  hours  in  food  cups  and  in  drinking  foun¬ 
tains  which  were  cleaned  and  sterilized  daily. 

After  125  days  on  experiment  the  rats  were  sacrificed  and  their  teeth  diagnosed 
microscopically  for  caries  and  scored  according  to  a  standard  procedure  (7). 
As  shown  in  Table  I  no  caries  appeared  in  the  test  (penicillin)  rats  whereas  50.0% 
of  the  control  rats  had  carious  teeth.  Although  severity  and  incidence  of  caries 
in  the  control  animals  was  less  than  usual,  the  outcome  in  the  control  animals 
contrasts  strikingly  with  the  negative  caries  results  for  rats  given  penicillin. 

To  obtain  the  plate  counts  for  oral  L.  acidophilus  (Table  II)*  tooth  surfaces 
were  thoroughly  scrubbed  with  a  small  cotton  swab,  and  the  swab  placed  imme¬ 
diately  in  a  measured  quantity  (5  ml.  or  2  ml.)  of  1%  dextrose  meat  infusion 
broth  (pH  5.0).  An  aliquot  portion  (0.2  ml.)  of  this  broth  was  cultured  on  a 
tomato  juice  agar  media  (pH  5.0)  and  the  L.  acidophilus  colonies  counted  after 
96  hours  incubation  (8).  In  7  instances  as  shown  in  Table  II,  plate  counts  for 
penicillin  rats  were  mostly  negative  or  yielded  less  than  50  colonies  of  L.  acidophi¬ 
lus  organisms.  The  great  majority  of  control  rats  on  the  other  hand,  developed 
upwards  df  50  colonies  per  plate. 

*  Received  for  publication  June  12, 1946. 

*  Senior  Biochemist,  Dental  Research  Section,  Division  of  Physiology. 

*  Senior  Assistant  Surgeon,  Division  of  Infectious  Diseases. 

*  Sodium  salt  of  Penicillin. 

*  We  are  indebted  to  Dental  Surgeon  F.  A.  Arnold,  Jr.  and  to  Senior  Assistant  Dental 
Surgeon  Stanley  J.  Ruzicka,  National  Institute  of  Health,  for  assistance  in  making  these 
plate  counts. 
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Sufficient  penicillin  was  not  ingested  by  these  rats  (or  it  was  destroyed  by 
gastric  acidity)  to  produce  an  appreciable  blood  level,  2  assays  of  blood  (9)  taken 
on  successive  days  from  8  representative  penicillin  rats  having  yielded  negative 

TABLE  I 


Effect  of  Penicillin  on  Induced  Rat  Caries 

Number  of  rats  on  experiment . 

82 

82 

Number  of  litters  represented . 

43 

43 

Average  number  of  days  on  experiment . 

118 

118 

Treatment . 

control 

penicillin 

Rat  Caries  Diagnosis 

Number  of  rats  which  were  carious . 

41 

0 

Per  cent  of  rats  which  were  carious . 

50.0 

Number  of  teeth  which  were  carious . 

67 

0 

Per  cent  of  teeth  which  were  carious . 

6.8 

Average  caries  score  per  carious  rat* . 

5.4 

•  See  Ref.  7. 


TABLE  II 

Retults  of  L.  acidophilus  Plate  Counts  for  Control  “C”  and  Penicillin  “P”  Rats 


Expxkdixnt . 

“A” 

“B” 

Count  No . 

1 

2 

3 

4 

5 

6 

7 

Dilution  Facto** . 

S  cc. 

5  cc. 

2  cc. 

2cc. 

2  cc. 

2  cc. 

2cc. 

Rats  Tkkatiient . 

C 

P 

D 

D 

c 

D 

D 

D 

5 

B 

B 

B 

B 

B 

Total  counts . 

26 

30 

27 

1 

32 

27 

31 

21 

21 

i 

Q 

21 

Negative  counts . 

1 

25 

B 

27 

m 

24 

m 

13 

n 

14 

4 

14 

H 

m 

Less  than  50 . 

12 

5 

14 

5 

19 

7 

11 

0 

0 

4 

0 

3 

il 

50-500 . 

8 

0 

10 

0 

14 

0 

H 

0 

0 

0 

8 

0 

500-1000 . 

5 

0 

0 

0 

0 

0 

0 

0 

0 

■3 

0 

1000  and  over . 

0 

0 

0 

0 

0 

0 

3 

0 

0 

0 

11 

■1 

Plate  overgrownf . 

0 

0 

0 

0 

0 

0 

6 

8 

H 

B 

B 

1 

*  The  volume  of  broth  suspension  was  5.0  cc.  or  2.0  cc.  The  volume  taken  for  plating 
was  0.2  cc.,  except  in  Count  No.  7  where  0.1  cc.  was  plated, 
t  Plates  overgrown  with  molds  or  spreading  type  colonies. 


results.  The  inhibition  of  dental  caries  as  brought  about  by  this  oral  administra¬ 
tion  of  penicillin,  therefore,  would  appear  to  be  localized  within  the  oral  cavity. 

The  effect  of  penicillin  on  food  and  water  consumption  and  on  daily  gain  in  body 
weight  was  observed  in  12  pairs  of  rats  over  a  14-week  period.  These  results, 
averaged  daily  as  follows,  indicate  no  differences  between  control  and  penicillin 
rats. 


penicillin:  rat  caries  and  l.  acidophilus 
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Food  Intake  Water  Intake  Body  Gain 


(«"•)  (*»•)  igm) 

Control  rats .  12.6  17.9  2.2 

Penicillin  rats .  1.3.2  19.1  2.2 


Dental  caries  has  long  been  identified  with  chemico-parasitic  etiology  (10),  the 
L.  acidophilus  organism  in  particular  being  associated  with  the  prognosis  of  the 
disease  (11).  There  is  evidence  to  support  the  chemico-parasitic  theory  in  the 
discovery  that  iodoacetate  inhibits  rat  caries,  the  iodoacetate  acting  presumably 
as  an  antienzymatic  agent.  In  the  same  way  if  fluorine  functions  antienzymat- 
ically  when  inhibiting  dental  caries  the  mode  of  action  would  agree  with  the  above 
caries  theory.  The  inhibit or>"  effect  of  fluoride  has  already  been  associated  with 
the  reduction  of  human  dental  caries  (12). 

Now  that  penicillin,  an  antibacterial  agent,  has  been  shown  to  inhibit  induced 
rat  caries,  and  to  reduce  the  oral  L.  acidophilus  counts,  there  seems  to  be  addi¬ 
tional  evidence  of  an  association  of  L.  acidophilus,  and  perhaps  other  bacteria, 
with  dental  caries  etiology.  Accordingly,  these  results  suggest  that  human 
dental  caries  may  respond  to  penicillin  therapy. 
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A  STUDY  OF  THE  SYRIAN  HAMSTER,  ITS  MOLARS,  AND 
THEIR  LESIONS! 

FRANK  J.  ORLAND 

From  the  Walter  G.  Zoller  Memorial  Dental  Clinic  and  the  Department  of  Bacteriology  and 
Parasitology,  University  of  Chicago,  Chicago,  III. 

Most  investigators  who  have  studied  experimental  dental  caries  in  the  rat 
have  depended  principally  upon  a  hard,  coarse  particle,  fracture  producing 
diet  (1,  2)  to  induce  carious  lesions.  The  fact  that  the  development  of  lesions 
in  this  type  of  caries  is  apparently  dependent  upon  the  previous  occurrence  of 
fractures  has  led  to  considerable  discussion  in  the  literature  concerning  the 
applicability  of  experimental  results  toward  solution  of  the  problems  of  dental 
caries  in  man.  However,  the  discover^"  of  Arnold  (3)  in  1942  that  dental  decay 
is  common  in  the  molars  of  Syrian  hamsters  fed  on  a  laboratory  diet  containing 
a  large  amount  of  soft  or  finely  ground  carbohydrate  and  no  coarse  particles 
has  resulted  in  the  possibility  of  studying  experimental  caries  in  animals  in  the 
absence  of  the  fracture  factor. 

Extensive  experiments  with  caries-producing  diets  and  studies  of  the  hamster 
dentition  had  been  underway  in  this  laboratory'  when  the  preliminary  publica¬ 
tions  of  Keyes,  Dale,  and  Lazansky  (4,  5,  G)  appeared  and  clearly  indicated 
the  potentialities  of  the  hamster  in  dental  caries  research. 

This  report  comprises  part  of  the  findings  obtained  in  a  study  of  the  relation¬ 
ship  of  various  dietary  factors,  the  oral  bacterial  flora,  and  the  incidence  of 
dental  lesions  in  the  hamster  (7)  as  well  as  some  observations  upon  the  morphol¬ 
ogy  and  growth  of  its  molars  and  the  pathological  picture  of  their  lesions. 

CL.\SSIFIC.\TION  .\XD  DESCRIPTION  OF  THE  H.\MSTER 

The  Syrian  or  golden  hamster.  Cried  us  auralus,  has  been  the  object  of  some 
diversity  of  opinion  among  naturalists  as  to  its  exact  taxonomic  status,-  but  at 
present  the  animal  is  placed  in  the  subfamily  Cricetinae.^  Argyropulo  (8), 

*  Presented  at  a  meeting  of  the  (’hieago  Section  of  the  International  Association  for 
Dental  Research,  Octolx'r  12,  1945.  Received  for  publication  .\ugust  22,  1946. 

*  The  hamster’s  phylogenetic  relationship: 

Order  Rodentia 
Family  Muridae 
Subfamily  Cricetinae 
CJenus  Cricetus 

Subgenus  Mesocricetus 
Species  auratiis 

’The  common  laboratory  animals,  rats  (Rattus)  and  mice  (.1/us)  belong  to  the 
same  family  (Muridae)  as  the  hamster,  but  are  placed  in  another  subfamily  (Mttrinae), 
primarily  on  the  basis  of  the  anatomy  of  the  molar  teeth. 
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making  a  comprehensive  survey  of  all  hamsters,  placed  the  species  auratus  in 
the  subgenus  Alesocricetus  on  the  basis  of  mandibular  osseous  structures  and 
fur  color  distribution.  The  name  auraius  has  reference  to  the  golden-brown 
dorsal  fur  of  the  species  which  has  its  natural  geographical  distribution  in  parts 
of  Syria,  Persia,  and  Turkey. 

Characterized  by  extensive  bilateral  cheek  pouches,  a  stubby  tail,  soft  fur 
which  is  golden-brown  dorsally  and  grayish-white  ventrally  with  a  darker  band 
acro.ss  the  chest,  a  normal  adult  hamster  weighs  an  average  100  gm.  and  when 
standing  quandrupedally  is  approximately  10  cm.  long  and  5  cm.  tall.  The 
skull,  as  is  characteristic  of  all  rodents,  possesses  prominently  developed  osseous 


structures  supporting  the  powerful  and  sharp  incisor  teeth.  Separated  from 
the  4  incisors  by  wide  diastemata,  there  are  12  molars.  Canines  are  absent  as 
in  all  the  Rodentia  and,  as  in  most  members  of  this  order  (excluding  the  duplici- 
dentates  which  are  now  usually  placed  in  the  order  Lagamorpha),  there  are  no 
premolar  teeth  (fig.  1). 

The  dental  formula  for  the  hamster  is: 


When  the  mandible  is  at  rest  in  retrusion,  there  is  bilateral  occlusion  of  the  molar 
teeth.  The  hamster’s  dentition  is  considered  to  be  hetenxlont  (having  teeth  not 
all  alike)  and  monophyodont  (developing  but  one  set  of  teeth).  The  molars 
have  short  n)rachyodont)  and  multituberculate  (polybuno<lont)  crowns  and  well 
developed  roots. 


.Molar  Teeth 

.Morphologg.—MnWko  its  continuously-growing  and  yellow-pigmented  incisor 
teeth,  the  hamster’s  molars,  which  are  limited  in  growth,  are  not  pigmented  but 
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appear  white  or  slightly  pink  in  vivo.  Enamel  completely  covers  the  molar 
crowns  in  contra-distinction  to  the  enamel-bare  cusps  of  the  rat  molar. 

The  fundamental  pattern  of  all  hamster  molars  is  characterized  by  3  pairs  of 
cusps  which  are  arranged  on  a  longitudinal  antero-posterior  axis.  This  pattern 
is  gradually  modified  from  the  first  through  the  second  and  third  molars.  The 
paracusps,^  usually  paired,  are  the  smallest  cusps  on  the  crown  and  are  located 
farthest  mesially;  in  the  second  and  third  molars  they  are  very  much  reduced. 
The  paired  mesocusps,  meso-cent rally  located,  are  prominent  in  all  the  molars, 
and  the  paired  distocusps,  distally  located  on  the  crown,  are  equally  prominent. 
Separating  the  2  cusps  of  each  pair  is  a  rather  deep  occlusal  fossa  or  occlusal 
groove  and  between  each  pair  of  cusps  are  wide  triangular  buccolingual  sulci, 
respectively  sub-occlusal  and  supra-occlusal  in  the  mandibular  and  maxillary 
molars. 

Calcification  and  Eruption. — In  order  to  know  how  long  the  molar  teeth  had 
been  exposed  to  the  oral  environment  of  the  diet  and  the  bacterial  flora,  it 
became  necessarj"  to  investigate  the  eruption  time  of  each  molar.  Likewise, 
to  know  what  effect  the  diet  may  have  in  tooth  fonnation,  it  Ijecame  necessar\’ 
to  learn  the  time  of  calcification  of  each  molar.  To  study  the  calcification  and 
eruption  of  these  teeth,  the  skull  of  the  sacrificed  animal  was  cut  longitudinally 
into  halves  with  a  dental  separating  disk.  One  half  was  studied  under  magnifica¬ 
tion  of  15  and  20  diameters,  most  of  the  soft  tissue  was  removed,  and  subse¬ 
quently  the  hemi-skull  was  roentgenographed;  the  other  half  was  placed  in  lO^c 
neutral  formalin  for  future  sectioning  {fig.  2).  The  tabulated  data  obtained  by 
such  observations,  ap|x*aring  in  Table  I,  closely  corroborate  and  extend  the 
finding  of  Keyes  and  Dale  (4).  There  were  slight  variations  in  calcification  and 
eruption,  especially  fo^i*  the  third  molar,  which  may  be  related  to  the  rate  of 
animal  growth  and  litter  size.  Sex  apparently  was  not  a  factor  in  these  varia¬ 
tions  although  the  ailult  female  often  is  larger  in  body  size  than  the  male.  There 
may  also  lie  systemic  dietary  influences  on  the  rates  of  calcification  and  erup¬ 
tion,  but  the  effects  of  these  factors  were  not  studied  at  this  time. 

Molar  Lesions 

Description.  ~'rho  carious  lesions  induced  in  the  molai’s  of  the  hamster  may 
occur  in  a  variety  of  areas.  There  is  evidence,  however,  that  they  usually  liegin 
in  certain  limited,  susceptible  locations.  As  has  also  been  pointed  out  by  other 
investigators,  the  initial  lesions  are  of  2  general  types:  (A)  Those  found  in  the 
grcKwes  and  fossae  as  well  as  in  the  sulci,  and  (B)  those  found  on  smooth  cervical 
or  proximal  surfaces. 

(Irossly,  the  occlusal  as  well  as  the  sub-  and  supra-occlusid  surface  lesions 
encountered  in  this  study  began  as  small  linear  breaks  in  the  enamel  and  pro¬ 
gressively  enlarged  until  there  was  virtually  complete  destmetion  of  the  crown 
with  pulp  exposure  (fig.  3).  Lateral  cervieal  lesions  commenced  on  the  smooth 
surface  just  below  the  cervico-enamel  ridge  with  the  development  of  an  opaque 
white  area  but  without  loss  of  surface  continuity.  Subsequently,  a  break  in  the 

*  To  inaintuin  uniformity  of  floacription  rogardiiif;  the  anatomy  of  the  molars,  the  nomen¬ 
clature  recently  used  by  Keyes  ami  Dale  (4)  is  here  also  employed  with  minor  modification. 


Fig.  2.  Cephalo-roentgenographs  of  a  series  of  hamsters  at  different  ages  showing  cal¬ 
cification  and  eruption  of  the  molar  teeth  as  well  as  growth  of  the  skull.  The  numbers  in¬ 
dicate  postnatal  age  of  the  animal  in  days.  (IX) 
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enamel  surface  developed  and  cavitation  progressed,  causing  cusps  to  fracture 
and  accelerating  the  final  destruction  of  the  whole  crown  {fig.  4).  The  gingivae, 
which  normally  cover  much  of  the  lateral  surface  of  the  molars,  were  never 


TABLE  I 


Calcification  an  l  eruption  oj  hamster  molar  teeth  as  observed  directly  or  roentgenographically 
Fijciiffs  are  expressed  in  days  post-natally 


HAMSTER  MOLARS 

OSPEOCS 
CRYPT  FIRST 
V1S1I.LE 

FIRST  EVI¬ 
DENCE  OF  CAL¬ 
CIFICATION 

CROWN 

COMPLETELY 

CALCIFIED 

FIRST  EVI¬ 
DENCE  OF 
ERUPTION  IN¬ 
TO  THE  ORAL 
CAVITY 

COMPLETE 

eruption; 

TEETH  IN 
OCCLUSION 

ROOTS 

COMPLETELY 

CALCIFIED 

Maxillarv  1st  molar . 

at  birth 

2 

8 

9 

8-9 

35-40 

Mandibular  1st  molar. . . 

at  birth 

2 

8 

8 

25-30 

Maxillary  2nd  molar _ 

2 

6 

13 

14 

17-18 

42-46 

Mandibular  2nd  molar  . . 

2 

5 

12 

12 

36-38 

Maxillary  3rd  molar  ... 

30-34 

32-34 

42-46 

90-100 

Mandibular  3rd  molar  . 

1 

25-28 

75-85 

Fig.  3.  Occlusal  view  of  right,  maxillary  quadrant  depicting  moderately  sized  occlusal 
cavity  in  third  molar  without  cusp  fracture. 


found  over  these  surfaces  when  there  was  a  cavity  present.  Interproximal 
surface  lesions,  which  were  difficult  to  observe,  were  seen  less  frequently.  They 
apparently  begin,  as  in  the  interproximal  lesions  of  human  teeth,  at  a  point 
gingival  to  but  near  the  contact  point,  although  in  the  case  of  the  hamster  there 
is  a  rather  large  contact  surface  which  extends  to  the  level  of  the  marginal  ridge. 
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In  molars  which  were  slightly  mal-aligned  as  to  their  approximating  surfaces, 
such  interproximal  lesions  occurred  more  often.  Cavitation  progressed  in  these 
lesions  also  and  eventually  extended  to  invoh’e  multiple  adjacent  surfaces. 
Microscopically,  decalcified  sections  of  extensive  molar  lesions  showed  vast 
destruction  of  hard  tissues  and  pidp  exposure  with  apical  progression  of  degenera¬ 
tion  and  necrosis,  but  usually  without  periapical  tissue  destruction  as  in  human 
succedaneous  molars  in  a  similar  state  of  carious  involvement  (fig.  5). 

All  these  observations  indicate  that  hamster  molar  lesions,  in  their  appearance, 
site,  and  progress,  bear  a  resemblance  to  the  type  of  dental  caries  found  in  the 
premolars  and  molars  of  man. 


Fig.  4-  Smooth  surface  lesions  on  the  buccal  aspect  of  mandibular  molars.  First  molar 
has  extensive  cervical  lesion  which  circumvents  the  mesial  portion  of  the  tooth.  Earlier 
stage  of  this  type  of  lesion  would  show  only  a  white  opaqueness  denoting  decalcification, 
whereas  a  much  later  stage  would  show  a  fracture  of  the  undermined  paracusp.  The  third 
molar  has  a  smaller  cavity  with  characteristic  white  decalcified  areas  nearby.  (18X) 

Recording  of  Lesions. — A  method  of  recording  the  site,  size  and  number  of 
carious  lesions  and  a  system  of  charting,  similar  to  that  devised  by  Bodecker 
(9,  10)  for  study  of  human  dentition  and  that  used  by  Cox,  Dodds,  Dixon  and 
Matuschak  (11)  for  molar  dentition  of  the  rat,  which  were  used  in  the  earlier 
part  of  the  work  were  discarded  in  favor  of  the  charting  and  scoring  procedures 
used  in  study  of  the  hamster  by  Keyes.  Keyes’  methods,  with  minor  modifica¬ 
tions,  were  used  throughout  the  study  and  earlier  data  were  rescored  on  this 
basis.  The  maximum  total  score  for  any  one  molar  crown  by  these  methods  of 
evaluation  was  equal  to  the  sum  of  all  its  unit  surfaces  multiplied  by  3,  since  that 
was  the  maximum  degree  of  cavitation.  Thus  a  score  value  of  282  would 
indicate  complete  destruction  of  all  12  molars.  Hence,  the  caries  index  for 
an  animal  on  this  basis,  would  be  that  percentage  of  the  whole  molar  dentition 
with  the  value  282,  which  was  destroyed  by  dental  caries. 

Distribution. — In  a  study  of  the  oral  bacterial  flora  of  the  hamster,  the  detailed 


AND 


CARIES 

INDEX 

NUMBER  OF 

HAMSTERS 

AVERAGE  NUMBER  PER  ANIMAL 

Molars 

affected 

Lesions  •  | 

Pulp 

j  exposures 

Smooth 

surfaces 

Occtusal 

surfaces 

Total 

20  -29.9 

11 

11.1 

11.0 

5.9 

16.9 

5.6 

10  -19.9 

12 

10.2 

8.8 

5.1 

13.9 

3.3 

5  -  9.9 

26 

8.6 

6.8 

4.6 

11.4 

1.9 

1  -  4.9 

73 

4.0 

2.6 

2.4 

5.0 

0.3 

0.1-  0.9 

36 

1.7 

0.86 

0.88 

1.8 

0 

0 

19 

0 

0 

0 

0 

0 

Fig.  5.  Microscopic  decalcified  section  through  the  first  and  second  mandibular  molars. 
(32X)  Second  molar  has  very  extensive  dentinal  lesion  with  much  destruction  of  tooth 
substance  resulting  in  pulp  exposure,  degeneration,  and  necrosis.  First  molar  has  no  large 
lesion  and  had  normal  enamel  (removed  in  decalcifying  process)  covering  the  cusps.  Den¬ 
tin  and  pulp  is  also  normal. 

TABLE  II 

Distribution  of  molar  lesions 


results  of  which  appear  in  another  report,  the  molar  lesions  in  179  animals  on 
various  diets  were  observed  and  recorded.  On  the  basis  of  the  over-all  caries 


index,  the  distributions  of  the  number  of  molar  teeth  involved,  the  types  of 
lesions,  and  the  number  of  pulp  exposures  are  charted  in  Table  II. 
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Nineteen  hamsters  were  found  entirely  caries-free.  Those  animals  ^vith  a 
low  caries  index  had  an  almost  equal  distribution  of  lesions  in  the  fossae  and 
sulci  of  the  occlusal  surfaces  and  in  the  smooth  surfaces,  whereas  those  with  a 
higher  caries  index  had  a  predominence  of  the  smooth  surface  lesions.  In  2 
hamsters  (not  recorded  in  Table  II)  with  the  unusually  high  caries  index  of 
40.8  and  45.4,  the  lesions  involved  the  pulps  and  were  so  extensive  that  it  was 
difficult  to  ascertain  whether  they  began  in  the  fissured  occlusal  surfaces  or  on 
the  smooth  surfaces  of  the  teeth. 

Of  the  animals  studied,  there  was  only  a  slightly  greater  caries  index  for  the 
males  as  compared  to  the  females,®  although  equal  proportions  of  males  and 
females  were  caries-free.  There  seemed  to  be  no  relationship  among  the  caries 
indices  of  littermates  on  the  same  diets.  However,  a  20%  greater  caries  index 
was  found  in  maxillary  molars  as  compared  to  mandibular  molars,  whereas  no 
significant  difference  occurred  between  the  right  and  left  molar  teeth  of  the 
animals.  The  third  molars  were  involved  most  frequently  and  the  maxillary 
third  molars  had  a  caries  score  almost  twice  that  of  the  corresponding  mandib¬ 
ular  third  molars.  The  mandibular  first  molars  were  next  in  degree  of  caries 
involvement,  having  a  caries  score  somewhat  less  than  half  that  of  the  mandib¬ 
ular  third  molars. 

It  should  be  borne  in  mind  that  the  animals  reported  in  this  study  were  not 
all  subjected  to  the  same  dietary  regimens.  There  were  17  diet  groups.  The 
basal  ration  was  the  same  for  most  of  the  groups,  the  diets  differing  by  modifica¬ 
tion  of  the  vitamin  components.  In  this  general,  over-all  summary  of  the  types 
and  distribution  of  lesions  no  account  has  been  taken  of  the  possible  differences 
with  respect  to  the  imposed  dietary  factors. 

SUMMARY 

The  Syrian  hamster,  Cricetus  auratus,  is  described  as  to  its  phylogenetic 
relationship  and  anatomical  characteristics  pertaining  to  the  dentition.  The 
calcification,  eruption,  and  morphology  of  the  molar  dentition  is  described  and 
discussed  and  the  distribution  and  types  of  carious  lesions  in  the  molar  teeth 
are  also  described. 

The  author  is  grateful  to  Dr.  R.  W.  Harrison  and  Dr.  J.  R.  Blayney  for  helpful  sugges¬ 
tions  and  advice. 
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THE  ORAL  BACTERIAL  FLORA  AS  RELATED  TO  DENTAL 
CARIES  IN  THE  SYRIAN  HAMSTERS 

FRANK  J.  ORLAND 

From  ihe  Walter  G.  Zoller  Memorial  Dental  Clinic  and  the  Department  of  Bacteriology  and 
Parasitology,  University  of  Chicago,  Chicago,  III. 

It  has  been  demonstrated  by  Arnold  (1),  by  Dale,  Lazansky  and  Keyes  (2), 
and  by  more  recent  observations  (3)  in  this  laboratory  that  the  Syrian  hamster, 
Criceius  auralus,  when  maintained  on  various  kinds  of  soft  diets  will  develop 
lesions  in  the  molar  teeth  which  closely  resemble  dental  caries  in  man.  It  seems 
apparent,  as  has  been  demonstrated  many  times  with  other  species,  that  bacteria 
must  have  an  important  role  in  relation  to  the  effects  of  caries-producing  foods  on 
the  teeth  of  the  hamster.  Since  there  were  no  reports  in  the  literature  on  the 
subject,  this  study  was  undertaken  as  a  preliminary  investigation  of  the  oral  bac¬ 
terial  flora  of  the  hamster. 

Although  it  has  been  recognized  for  many  years  that  acid  production  in  the 
mouth  is  an  accompaniment  of  dental  decay  and  although  the  theories  of  W.D. 
Miller  (4),  pointing  to  the  acid  producing  bacteria  of  the  mouth  as  the  cause  of 
dental  caries,  have  been  generally  accepted,  the  accumulation  of  detailed  ex¬ 
perimental  evidence  has  been  slow.  For  example,  not  until  comparatively 
recently  was  it  demonstrated,  by  Stephan  (5),  that  there  is  rapid  acid  production 
in  the  immediate  vicinity  of  the  tooth  surface  when  carbohydrate  is  available  to 
the  microorganisms  concentrated  in  the  adherent  plaque.^  He  has  shown  that 
there  is  a  rapid,  sharp  increase  in  acidity  on  the  tooth  surfaces  usually  within  a 
minute  or  2  after  the  mouth  is  rinsed  with  a  glucose  solution.  This  drop  in  pH 
was  greatest  and  lasted  longest  in  caries  active  cases,  although  it  averaged  pH  5.2 
for  the  different  caries  activity  groups  studied  by  Stephan. 

For  the  purposes  of  the  present  study  it  has  been  assumed  that  microorganisms 
which  may  be  related  to  caries  activity  are  aciduric  in  nature;  that  the  micro¬ 
organisms  concerned  in  the  process  must  be  acid  tolerant  in  order  to  survive  the 
degree  of  acidity  which  occurs  on  the  surface  of  a  tooth  where  decalcification  is 
taking  place.  Consequently,  the  microorganisms  investigated  have  been 
limited  primarily  to  those  which  grew  on  acid  culture  media. 

The  hamsters  were  obtained  from  a  colony  used  in  experimental  diet  studies 
which  were  being  conducted  in  this  laboratory  at  the  time  these  investigations 
were  being  made.  Each  of  the  animals  used  for  bacteriological  study  had  been 

^  Presented  at  a  meeting  of  the  Chicago  Section  of  the  International  Association  for 
Dental  Research,  March  8, 1946.  Received  for  publication  August  22, 1946. 

*  The  bacterial  plaque  has  been  described  (6)  as  a  colorless,  thin,  tenacious,  felt-like 
mass  of  material,  closely  adherent  to  the  tooth  surface  and  containing  filamentous  bacteria 
which  enmesh  other  bacterial  forms. 
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fed  on  one  of  several  experimental  diets  for  a  period  of  100  days,  having  been 
placed  on  these  diets  at  the  age  of  25  to  30  days. 

Preliminary  observations  were  made  with  cultures  obtained  by  swabbing  the 
surfaces  of  the  molar  teeth.  Neither  the  numbers  nor  the  kinds  of  micro¬ 
organisms  isolated  from  these  samples  varied  to  any  significant  degree  in  rela¬ 
tion  to  the  differences  between  the  several  diets  ingested  by  the  various  animals. 
It  seemed  reasonable  to  expect,  however,  that  some  detectable  quantitative  re¬ 
lationship  might  exist  between  the  number  and/or  variety  of  the  oral  micro¬ 
organisms  and  the  presence  or  absence  of  various  dietary  components,  or  if  none 
should  be  found,  that  at  least  it  would  be  possible  to  detect  modifications  of  the 
flora  associated  with  differences  in  caries  producing  effects  of  the  several  diets. 
Consequently,  an  attempt  to  conduct  a  more  quantitative  study  was  made. 

MATERIALS  AND  METHODS 

The  majority  of  the  hamsters  studied  had  received  a  vitamin  B-free  basic  diet,* 
fortified  with  alpha  tocopherol,  vitamin  K,  and  a  commercial  preparation*  con¬ 
taining  vitamins  A  and  D,  and  supplemented  with  mixtures  of  varjdng  compo¬ 
nents  of  the  vitamin  B  complex:  riboflavin,  calcium  pantothenate,  thiamine,  P3ni- 
doxine,  nicotinic  acid,  inositol,  para-amino-benzoic  acid,  choline,  and  biotin. 
These  animals  were  divided  into  14  dietary  groups.  The  food  for  each  group  was 
lacking  in  one  of  the  fortif5dng  or  supplementing  vitamin  components,  with  the 
exception  of  the  groups  on  Diets  I,  VIII,  and  XIV  which  were  complete.  When¬ 
ever  one  of  the  components  was  deleted  from  the  diet,  it  was  supplied  by  intra- 
peritoneal  injection  in  amounts  reported  in  the  literature  to  be  nutritionally 
adequate.  The  vitamin  deficiencies  in  the  diets  ingested  by  the  animals  used  in 
this  study  were  as  follows:  Diet  II — riboflavin.  Diet  III — calcium  pantothenate. 
Diet  rV — thiamine.  Diet  V — pyridoxine.  Diet  VI — nicotinic  acid.  Diet  VII — 
inositol.  Diet  IX — para-amino-benzoic  acid.  Diet  XI — choline.  Diet  XII — biotin, 
and  Diet  XIII — alpha  tocopherol.  The  complete  diet,  i.e..  Diet  XIV,  was  the 
same  as  Diet  I  except  that  dextrin  was  substituted  for  sucrose;  Diet  VIII  dif¬ 
fered  in  its  salt  mixture  from  Diet  I. 

It  must  be  pointed  out  that  the  present  study  is  concerned,  first,  with  the  local 
effects  rather  than  with  the  effects  on  the  general,  systemic  nutritional  status  of 
the  animal.  Second,  it  is  concerned  with  the  composition  of  the  food  adherent  to 
the  teeth  and  perhaps  otherwise  trapped  in  the  hamster’s  mouth  and  third,  with 
the  comparison  of  the  effects  the  various  diets  produced  upon  the  oral  flora. 

In  addition  to  the  animals  from  the  diet  groups  listed,  a  few  were  from  a  group 
of  hamsters  which  had  been  on  the  basic  diet  with  the  addition  of  all  the  vitamins 
except  riboflavin  and  vitamin  K  in  place  of  which  was  substituted  a  commercial 
preparation®  rich  in  carotene,  riboflavin,  and  vitamin  K.  Three  other  groups  of 

>  Vitamia  B  test  diet  from  S.M.A.  Corp.  Diet  contains  hydrogenated  vegetable  <h1, 
sucrose,  vitamin-free  casein,  salt  mixture,  and  sodium  chloride. 

*  “Vi -delta”  contains  vitamin  A  and  D  (Viosterol)  prepared  by  the  Lederle  Laboratories, 
Inc.,  New  York,  N.  Y. 

*  “Cerophyl”;  contains  vitamins  A,  C,  G,  and  K,  as  well  as  chlorophyl;  prepared  by 
the  Cerophyl  Laboratories,  Inc.,  Kansas  City,  Mo. 
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animals  were  similarly  studied.  These  were  fed  on  3  different  commercial 
preparations* which  were  complete  in  all  the  essential  dietary  components 
but  contained  some  fluorine.’  The  water,  which  all  animals  received  ad  libitum, 
contained  no  fluorine. 

At  the  termination  of  the  100  day  feeding  period,  each  animal  was  placed  in  a 
closed  jar  and  anesthetized  by  inhalation  of  vaporized  ethyl  ether.  A  loop  of  18 
gauge  wire,  attached  to  a  ringstand,  was  flamed,  allowed  to  cool  and  then  used  to 
suspend  the  anesthetized  hamster  by  its  2  prominent  maxillary  incisor  teeth. 
The  mandible  was  retracted  with  a  small  sterile  wooden  applicator  and  a  con¬ 
centrated  light  source  was  used  to  provide  illumination  of  the  oral  cavity.  A 
specially  prepared  sterile  glass  tube  was  used  to  aspirate  saliva  and  material 
adherent  to  the  molar  teeth.  The  tube  consisted  of  6  mm.  glass  tubing  about  15 
cm.  in  length  with  one  end  curved  and  drawn  to  a  flne  opening.  This  end  was 
provided  with  a  small,  circumventing  piece  of  rubber  with  which  the  molar 
teeth  were  massaged  to  assist  in  the  removal  of  adherent  particles.  The  other 
end  of  the  aspirating  tube  was  attached  by  rubber  tubing  to  a  small  vacuum 
pump  which  produced  a  negative  pressure  of  5  cm.  in  a  standard  mercury  ma¬ 
nometer.  The  bore  of  the  aspirating  tube  proved  to  be  large  enough  and  the  suc¬ 
tion  pressure  low  enough  to  prevent  loss  of  fluid  by  movement  of  bubbles  through 
the  aspirator.  In  theminuteor  2  during  which  the  hamsterwas  in  the  third  stage 
of  anesthesia,  about  0.02  to  0.03  cc.  of  saliva  and  tooth-adherent  debris  could  be 
aspirated  from  the  perimolar  regions.  The  collected  specimen  was  expelled  from 
the  glass  aspirator  into  a  serological  tube  and,  after  air  bubbles  had  been  elimi¬ 
nated,  0.01  cc.  was  accurately  withdrawn  with  a  serological  pipette  and  trans¬ 
ferred  to  a  Watisenriann  tube  containing  2  cc.  of  enriched  acid  broth.^®  After 
being  thoroi-ghi^  mixed,  0.2  cc.  was  removed  from  this  tube  and  spread  by  gravity 
flow  over  the  sun’at'.e  of  enriched  acid  agar.“  Acid  agar,  poured  plates  were  used 

'  “Rockland  Rat  Diet”  prepared  by  Arcady  Farms  Milling  Co.,  Chicago,  Ill. 

^  “Purina  Dog  Chow  Checkers”  prepared  by  Ralston  Purina  Co.,  St.  Louis,  Mo. 

*  A  special  “Purina”  diet  with  a  low  fluorine  content  was  prepared  for  this  study  by 
Ralston  Purina  Co. 

*  According  to  assays,  kindly  made  for  us  under  the  direction  of  Dr.  D.  A.  Greenwood, 
Department  of  Pharmacology,  University  of  Chicago,  sample  of  the  “Rockland”  diets 
averaged  17  p.p.m.  F,  samples  of  the  “Purina”  diet,  37.9  p.p.m.,  and  of  the  special  “Purina” 
diet,  less  than  0.5  p.p.m.  F. 

The  acid  broth,  a  modification  of  a  medium  described  by  Weiss  and  Rettger  (7),  was 


prepared  by  the  following  formula: 

“Bacto-Difco”  peptone .  5  gm. 

“Difco”-peptoni8ed  milk .  10  gm. 

“Difco”-yea8t  extract .  6  gm. 

Filtered  tomato  juice  (as  for  Kulp’s  media) .  400  cc. 

Distilled  water .  600  cc. 


These  ingredients  are  heated,  filtered  if  necessary,  and  adjusted  to  pH  5.3  so  the  final 
reaction  after  autoclaving  will  be  pH  5.0-5.2.  The  medium  is  then  tubed  and  autoclaved. 

The  acid  agar  was  prepared  by  the  same  formula  as  the  broth,  but  with  the  addition 
of  21%  agar.  However,  the  peptone,' milk,  yeast,  water,  and  agar  is  first  autoclaved, 
cooled  to  50°C.  and  then  the  filtered  tomato  juice  is  added.  The  pH  adjustment  is  made, 
final  autoclaving  is  done,  and  the  plates  are  poured  with  the  medium  at  50**  C. 
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in  parallel  with  the  surface  inoculated  plates  in  several  tests  but  since  cultures 
made  in  this  manner  produced  surface  and  subsurface  colonies  comparable  in 
munber  and  kind  to  the  surface  colonies  obtained  in  the  routine  procedure,  the 
use  of  the  poured  plate  was  discontinued. 

For  study  of  non-aciduric  bacteria,  cultures  were  grown  on  veal  infusion  agar 
and  blood  agar. 

Four  days’  incubation  at  37.5®C.,  anaerobically,*®  was  sufficient  to  reach  the 
peak  of  bacterial  growth.  The  colonies  were  then  classified  on  the  basis  of 
colonial  and  cellular  morphology,  coimted,  and  subcultured  for  further  study. 
The  colony  count  of  each  plate  was  recorded  as  the  number  of  viable  aciduric 
bacteria  per  cubic  millimeter  of  specimen.  The  foregoing  procedure  was  de¬ 
veloped  as  an  attempt  at  quantitative  sampling  of  the  perimolar  flora  and  was 
used  routinely  on  all  the  hamsters  studied. 

In  a  munber  of  instances  the  buccal  pouches  of  the  hamster  were  also  sampled 
for  their  bacterial  flora.  The  empty  pouch  of  the  anesthetized  animal  was 
swabbed  with  a  sterile  cotton  applicator  with  which  a  tube  of  broth  was 
inoculated. 

Bacterial  specimens  were  also  taken  from  the  carious  debris  of  the  molar  lesions 
soon  after  the  animals  were  sacrificed.  The  teeth  were  wiped  with  alcohol,  a 
fine,  sterile  broach  was  forced  into  the  softened  debris  of  the  lesion,  and  the  broach 
tip  was  then  cultured. 

Fecal  cultures  were  made  from  several  of  the  hamsters  to  determine  whether  any 
of  the  oral  forms  occur  in  the  intestine.  However,  the  bacterial  findings  were  so 
varied,  even  when  successive  fecal  specimens  were  cultured,  that  the  fecal  sam¬ 
plings  are  considered  more  qualitative  than  quantitative. 

BACTERIAL  FINDINGS 

Microorganisms  Obtained  in  Culture  from  Tooth  Surfaces 

Colonies  on  a  total  of  227  acid  agar  plates,  inoculated  with  perimolar  speci¬ 
mens  from  179  hamsters  which  had  been  maintained  on  the  various  diets,  were 
examined  with  a  binocular  microscope  imder  magnification  of  7,  15,  or  20 
diameters. 

A  majority  of  the  colonies  consisted  of  gram  positive  bacilli  but  there  were  con¬ 
siderable  numbers  of  filamentous  forms  and  a  moderate  number  of  gram  positive 
cocci  including  short-chained  streptococci,  diplococci,  and  a  few  varieties  of 
micrococci.  Only  a  small  number  of  yeast  colonies  were  encountered.  All 
these  different  bacteria  could  be  grouped  into  8  categories,  primarily  on  the 
basis  of  morphology  aided  by  fermentation  tests  and  immunological  reactions  of 
some  of  the  strains: 

1.  Gram  positive,  short,  coccoid  bacilli,  frequently  in  chains,  occasionally  slightly 
curved,  were  obtained  from  2  kinds  of  colonies.  The  more  common  type  of  colony,  0.5 
to  1.0  mm.  in  diameter,  was  yellowish-white,  translucent,  smooth  and  glistening,  and  had 


**  Although  most  of  the  aciduric  oral  bacteria  are  considered  to  be  aerobic  and  faculta¬ 
tively  anaerobic,  agar  plates  incubated  aerobically  seemed  to  develop  smaller  numbers, 
fewer  varieties,  and  smaller  sized  colonies  than  concurrent  plates  incubated  anaerobically. 
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either  a  low  or  high  dome-shaped  contour.  The  other  colony  type  was  larger,  1 .0  to  2.0 
mm.  in  diameter,  with  a  raised  yellow  center  and  a  wide,  white  periphery.  This  colony  was 
moderately  convex  with  a  slightly  granular  surface  and  a  smooth  edge.  This  group  of 
bacteria  resembled  the  Type  1  lactobacilli  of  Hadley  (8). 

Fermentation  tests  with  these  coccoid  bacilli  resulted  in  acid  production,  but  no  gas 
formation,  from  xylose,  glucose,  fructose,  galactose,  sucrose,  maltose,  and  raffinose.  Some 
cultures  did  not  ferment  lactose,  nor  produce  acid  or  cause  reduction  in  litmus  milk,  and 
none  fermented  dextrin,  mannitol,  or  sorbitol  (Table  I). 

Precipitation  tests  were  performed  with  crude  carbohydrate  extracts  of  3  different  cul¬ 
tures  of  this  group.  These  tests  were  m^de  with  rabbit  antisera,  which  had  been  prepared 
in  this  laboratory  against  oral  lactobacilli  of  human  origin,  and  they  were  performed  as  de¬ 
scribed  in  previous  publications  (9) .  In  the  case  of  2  of  these  3  carbohydrate  extracts,  posi¬ 
tive  precipitation  tests  resulted  with  2  different  antisera.  It  is  interesting  to  note  that  the 
cultures  from  which  these  2  extracts  were  made  fermented  lactose  and  caused  some  reduc¬ 
tion  of  indicator  and  acid  formation  in  litmus  milk,  whereas  the  culture  from  which  the 
third  extract  was  made  produced  no  acid  in  lactose  and  no  detectable  change  in  litmus  milk. 

2.  Gram  positive,  medium  sized  bacilli,  usually  not  in  chains,  and  frequently  palisaded 
in  large  aggregates,  were  observed  in  smears  from  a  great  variety  of  aciduric  colonies. 
There  were  8  colony  forms  differing  mainly  in  minor  details.  They  were  1.0  to  2.0  mm.  in 
diameter,  yellowish,  translucent  or  opaque,  with  a  white  mottled  center  and  yellow  periph¬ 
ery.  They  were  all  moderately  convex,  some  umbonate  with  edges  slightly  fimbriated  or 
entire.  All  their  surfaces  were  smooth,  though  some  were  dull  and  others  were  glistening 
in  reflected  light.  These  bacilli  bear  a  close  resemblance  to  Hadley’s  Type  II  lactobacilli. 

Fermentation  reactions  showed  rather  consistent  acid  production  in  xylose,  glucose, 
fructose,  sucrose,  maltose,  and  rafiSnose.  Most  cultures  tested  fermented  galactose  and 
lactose,  but  many  of  them  did  not  ferment  dextrin,  mannitol,  sorbitol,  nor  produce  detect¬ 
able  reactions  in  litmus  milk.  However,  there  were  some  which  showed  marked  glycolytic 
activity  in  mannitol  and  sorbitol,  and  caused  litmus  reduction  and  acid  formation  with 
coagulation  in  milk. 

The  crude  carbohydrate  extracts  of  2  representative  cultures  were  tested  with  12  type- 
specific  antisera  from  the  laboratory  stock  of  human  oral  lactobacillus  antisera.  One 
showed  a  positive  precipitation  reaction. 

3.  Gram  positive  bacilli  slightly  larger  and  longer  than  those  just  described  were  ob¬ 
served  infrequently.  These  developed  2  different  colony  forms.  One  was  yellow-gray, 
about  1  mm.  in  diameter  and  slightly  raised  with  a  central  crater  in  some  cases.  The  other 
colony  was  smaller  and  had  a  white  umbonate  center,  though  the  rest  of  the  colony  was 
gray  and  flat  with  a  lacerate  margin.  The  cells  from  this  colony  type  were  different  from 
the  other  in  that  they  were  slightly  longer,  more  slender,  and  did  not  exhibit  palisade  forma¬ 
tion. 

4.  Filamentous  forms,  long,  curving,  and  of  mediiun  width,  staining  with  both  gentian 
violet  and  the  counterstain,  were  encountered  infrequently.  These  forms  produced  small, 
flat  colonies  of  0.3-0.5  mm.  in  diameter  with  glistening  surfaces  and  entire  margins.  The 
colonies  were  translucent  and  apparently  took  on  the  yellowish  color  of  the  medium.  These 
microorganisms  were  morphologically  like  various  intermediate  forms  of  lactobacilli. 

5.  A  pleomorphic  filamentous  form  was  isolated  in  moderate  numbers.  Smears  showed 
some  pleomorphism  consisting  of  a  mixture  of  long  intertwining  strands  and  shorter,  tor¬ 
tuous,  segmented,  filaments,  both  of  which  stained  irregularly  by  Gram’s  method.  One 
colony  type  averaged  0.5  mm.  in  diameter,  whitish-gray  in  color,  with  a  rough,  flat,  lace¬ 
like  surface.  Another  was  1.0  mm.  in  diameter,  opaque,  yellow,  low  in  convexity,  but  had  a 
very  rough  surface  and  filamentous  edge.  A  third  kind,  also  1.0  mm.  in  diameter,  was 
rather  flat,  gray,  and  coarsely  granular  with  a  lacerate  margin.  These  bacteria  probably 
are  rough  variants  of  lactobacilli. 

6.  A  series  of  bizarre  rod-like  forms  were  abo  observed.  Most  of  them  were  gram  vari¬ 
able,  staining  with  both  gentian  violet  and  safranin;  they  appear  only  partially  stained  with 
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methylene  blue.  Their  colonial  morphology  was  just  as  varied.  No  attempt  at  identifica¬ 
tion  of  these  microorganisms  was  made  since  they  were  found  in  only  small  numbers. 

7.  Gram  positive  streptococci,  occurring  singly,  in  pairs,  and  in  short  chains,  were  en¬ 
countered  frequently  and  usually  in  large  numbers.  The  colonies  were  punctiform,  meas¬ 
uring  0.25  mm.  in  diameter,  white,  translucent,  slightly  convex  with  a  smooth  and  glistening 
surface  and  had  a  watery  consistency.  Since  these  cocci  appeared  to  be  morphologically 
and  culturally  identical  with  stock  cultures  of  aciduric,  alpha  and  gamma  streptococci,  it 
seems  plausible  to  consider  them  as  such. 

8.  Micrococci  were  encountered  frequently  but  were  not  numerous.  Large  colonies  typ¬ 
ical  of  Staphylococcus  albus  were  easily  identified  but  were  found  only  occasionally.  There 
were  many  smaller  colonies  averaging  less  than  0.5  mm.  in  diameter,  slightly  yellow,  translu- 

TABLE  I 


Fermentation  and  immunological  reactions  of  the  most  frequently  found  aciduric  bacilli 


CO 

FEKMENTATTON  TESTS* 

1 

1 

1 

1 

1 

Litmus  milk 

GSOUFS  or  ACIDURIC  BACILLI 

NUMBER  OF  SI 
TESTED 

Xylose 

o 

3 

O 

1 

u 

3 

£ 

1 

u 

d 

3 

Lactose 

Sucrose 

o 

*3 

IS. 

Raifinose 

Dextrin 

Mannitol 

*0 

2 

u 

3 

•o 

I 

< 

'  a 

.9 

d 

a 

Reduction 

IMMUNOLOGICAL 

TESTS** 

Group  1  (Type  I 
lactobacilli) . 

7 

+ 

+ 

+ 

+ 

± 

+ 

+ 

+ 

ib 

+ 

2  out  of  3  cultures 

Group  2  (Type  II 
lactobacilli) . 

13 

4* 

+■ 

+ 

± 

± 

+ 

+ 

+' 

± 

± 

± 

1 

db 

showed  -I-  pp’t. 
test 

1  out  of  2  cultures 

Groups  4  &  5  (intermedi¬ 
ate  &  rough  lactoba¬ 
cilli)  . 

4 

db 

ifc 

± 

ih 

± 

± 

showed  -+-  pp’t. 
test 

None  tested 

*  -f  indicates  acid  formation;  dr  reaction  variable;  —  no  change.  No  gas  was  formed. 
**  Precipitation  tests  were  performed  with  crude  carbohydrate  extracts  of  bacterial 
cultures  and  rabbit  antisera  prepared  against  oral  lactobacilli  of  human  origin. 


cent,  somewhat  convex  and  glistening  and  with  undulate  edges,  the  cells  of  which  stained 
like  typical  staphylococci.  Micrococcus  tetragenus  was  not  found  on  the  acid  medium  but 
some  sarcinae  were  occasionally  found. 

It  should  be  pointed  out  that  in  making  the  differential  colony  counts  there  were 
on  occasions  bacterial  cells  with  borderline  morphologies.  This  was  disconcert¬ 
ing  in  the  case  of  some  of  the  aciduric  streptococci  and  certain  of  the  group  of 
short  coccoid  lactobacilli.  There  was  also  some  difficulty  encountered  in  dif¬ 
ferentiating  some  of  the  longer  coccoid  lactobacilli  from  the  medium  sized 
lactobacilli.  Subcultures  and  identifying  tests  were  made  in  many  instances  to 
clarify  these  cases  but  it  was  not  feasible  to  do  so  in  every  case. 

Cultures  from  Other  Oral  Areas 

Buccal  pouches. — The  voluminous  buccal  pouches  of  the  hamster,  which  are 
ordinarily  used  for  food  transport  and  storage,  were  also  sampled  for  their 
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bacterial  flora.  Since  there  are  no  salivary  ducts  directly  connected  with  these 
pouches,  the  mucous  membrane  is  relatively  dry.  Cultures  were  obtained  by 
swabbing  the  empty  pouches  with  sterile  cotton  applicators  which  were  then  used 
to  inoculate  tubes  of  acid  broth.  These  were  incubated  and  examined  for 
microorganisms. 

In  the  cases  sampled,  there  was  a  great  predominance  of  gram  positive,  medium 
sized  rod  forms,  both  chained  and  palisaded,  identical  with  the  medium  sized 
lactobacilli  found  in  the  molar  regions.  Only  a  few  cocci,  gram  positive  diplo- 
cocci,  were  observed. 


Fig.  1.  Photomicrograph  of  an  initial  carious  lesion  in  the  dentin  of  a  hamster  molar 
depicting  invasion  of  the  dentinal  tubules  by  bacteria.  (Brown  and  Brenn  stain  X  1300) 

Carious  cavities. — It  can  readily  be  demonstrated  by  microscopic  examination 
that  even  in  very  early  lesions  of  the  hamster  molars,  bacteria  seem  to  invade  the 
dentinal  tubules  (fig.  1)  before  mass  destruction  of  the  tissue  takes  place. 

Hence  a  number  of  molar  teeth  with  early  and  also  with  more  extensive  lesions 
in  their  surfaces  were  sampled  for  bacterial  growth.  After  swabbing  the  molars 
of  the  sacrificed  animal  Avith  70%  alcohol,  a  sterile,  fine  broach  was  forced  into 
the  softened  dentin;  the  broach  tip  was  then  cultured  in  acid  broth.  In  most 
cases  the  predominating  microorganisms  were  slender,  long  and  short,  gram 
positive  lactobacilli  occurring  in  chains  and  palisades.  Cultures  made  from  cavi¬ 
ties  in  which  the  dentin  was  hard  yielded  no  growth.  Cultures  from  cavities 
with  softened  dentin  contained  numerous  short  lactobacilli.  Specimens  from 
deep  lesions  exposing  the  pulp  showed  growth  of  cocci  and  a  few  short  and  long 
lactobacilli  in  the  acid  broth.  Veal  infusion  broth  cultures  contained  only  a  few 
gram  positive  bacilli,  but  a  predominant  quantity  of  gram  positive,  short -chained 
streptococci.  This  observation  may  indicate  a  change  in  the  predominating 
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flora  from  the  more  aciduric  forms  to  the  less  acid-resisting  bacteria  as  one  ap¬ 
proaches  the  pulp. 

Microorganisms  cultured  from  the  fecal  flora. — It  was  also  of  interest  to  in¬ 
vestigate  the  fecal  aciduric  flora  and  to  make  qualitative  comparisons  with  that  of 
the  perimolar  region,  to  learn  if  there  might  be  any  indication  of  a  correlation 
sueh  as  was  found  in  a  study  of  children  by  Harrison  and  Opal  (10). 

Medium  sized  lactobacilli  were  the  predominant  organisms  in  cultures  from 
almost  every  fecal  specimen.  Colonies  composed  of  intertwined  filamentous 
forms  also  occurred  in  rather  large  numbers.  Only  a  very  few  colonies  of  strep¬ 
tococci  were  found,  whereas  a  number  of  typical  Staphylococcus  albus  colonies 
were  encountered.  A  large  proportion  of  large  white  and  smaller  tan  colored 
colonies  of  yeasts  were  found,  in  contrast  to  the  few  observed  in  the  oral  specimens. 

Non-adduric  Flora  of  the  Molar  Teeth  Surfaces 

The  flora  of  the  perimolar  areas  that  would  grow  on  media  of  neutral  pH  was 
investigated  to  a  limited  degree.  Veal  infusion  agar  plates  and  blood  agar 
plates  were  inoculated  concurrently  with  the  acid  plates,  equal  amounts  of  inocu¬ 
lum  being  used  for  each  plate. 

Microorganisms  of  a  wide  variety  were  found  to  grow  under  both  aerobic  and 
anaerobic  conditions.  On  a  number  of  plates  a  spreading  form  of  Proteus  over¬ 
grew  the  entire  surface.  To  prevent  the  spread  of  this  motile  bacterium,  agar 
plates  were  prepared  to  contain  6%  by  volume  of  95%  ethanol  according  to  the 
method  of  Floyd  and  Back  (11).  In  addition  to  lactobacilli,  which  grew  rather 
infrequently  and  poorly  on  this  medium,  there  were  Staphylococcus  albus  and 
various  streptococci. 

Relationship  of  Oral  Aciduric  Bacteria  to  the  Diets  and  to  the  Caries  Indices 

Table  II  shows  the  relationship  of  the  bacterial  findings  and  the  various  diets 
which  may  have  had  an  influence  upon  the  oral  flora.  Also  included  for  com¬ 
parative  purposes  are  the  caries  indices  of  the  animals  studied  bacteriologically  as 
well  as  those  of  the  total  number  or  hamsters  maintained  on  each  diet.  Thus  the 
average  aciduric  bacterial  counts  refer  only  to  the  smaller  groups  of  hamsters 
whose  perimolar  regions  were  cultured  and  not  to  the  total  number  of  animals 
whose  average  caries  indices  may  differ  rather  markedly  in  some  instances  from 
those  of  the  animals  studied. 

From  the  table  it  can  be  seen  that  animals  on  Diet  XI  where  choline  was  absent 
from  the  oral  environment  and  where  many  extensive  molar  lesions  developed, 
the  total  bacterial  count  as  well  as  the  lactobacillus  count  was  high.  The  lacto- 
bacillus  count  was  also  high  in  Diet  V  where  pyridoxine  was  not  present  and  in 
Diet  VIII  where  no  factor  was  absent  from  the  oral  environment.  On  the  other 
hand,  when  para-amino-benzoic  acid  was  deleted  from  the  oral  environment, 
the  aciduric  streptococcus  count  and  the  caries  index  were  both  high,  although 
the  caries  index  for  the  total  group  on  this  diet  was  much  lower. 

By  contrast,  very  few  aciduric  bacteria  were  isolated  from  animals  having  a 
low  caries  index  and  receiving  a  commercial  diet  containing  37.9  p.p.m.  fluorine. 
However,  animals  on  two  other  commercial  diets  with  fluorine  contents  of  17  and 
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TABLE  II 


Relationahip  of  diet*  and  the  oral  aciduric  bacteria  cultured 


DIETS 

TOTAL  NUHBEE  OP 
ANIMALS  STUDIED 

M 

No. 

riMALS  81 

Average 

caries 

index 

rUDXED  BACTXUOLOGICALLY 

Average  bacterial  colony 
count  per  mm*  of  perimolar 
specimen 

No. 

Caries  index 

Aver¬ 

age 

Range 

ToUl 

Lacto¬ 

bacilli 

Strep¬ 

tococci 

St4ph=' 

ylo- 

cocci 

I;  contains  all  factors^ . 

66 

n 

18 

7.2 

938 

271 

113 

II;  lacks  riboflavin . 

39 

3.5 

mm 

4 

4.9 

588 

554 

33 

Ill;  lacks  Ca  pantothenate . 

3.9 

XSi 

14 

mWm 

464 

125 

98 

223 

IV ;  lacks  thiamine . 

31 

5.5 

0.1-24.7 

12 

1.9 

577 

461 

35 

90 

V ;  lacks  pyridoxine .  . 

24 

7.1 

0.6-12.9 

7 

11.4 

1,470 

iHiyo] 

392 

27 

VI;  lacks  nicotinic  acid . 

34 

mm 

8 

6.4 

673 

296 

258 

120 

VII;  lacks  inositol . 

43 

0  -13.0 

12 

7.1 

711 

485 

179 

44 

VIII;  contains  all  factors* . 

49 

6.8 

9 

8.3 

1,302 

0 

0 

IX;  lacks  para-amino  benzoic  acid  . . . 

67 

4.6 

7 

12.9 

2,117 

694 

1,4!^ 

0 

XI;  lacks  choline . 

49 

10.2 

8 

21.5 

1,666 

1,578 

89 

0 

XII;  lacks  biotin . 

19 

3.6 

8 

4.3 

798 

mm 

0 

XIII;  lacks  alpha  tocopherol . 

45 

3.0 

8 

1.8 

293 

268 

25 

0 

XrV ;  same  as  Diet  I* .  . 

29 

3.1 

6 

307 

0 

Enriched*  with  A,  C,  G,  K . 

9 

3.5 

9 

265 

153 

45 

29 

“Rockland  Rat  Diet,”  17  p.p.m.  F  ... 

13 

IB 

13 

0.7 

733 

168 

31 

■‘Purina  Dog  Chow,”  37.9  p.p.m.  F. . . 

IQ 

1.0 

181 

19 

18 

Special  “Purina  Diet,”  0.5  p.p.m.  F. . 

1  ^ 

ra 

|16 

0.1 

723 

692 

27 

0 

t  Vitamins  A,  D,  E,  K,  and  thiamin,  riboflavin,  pyridoxine,  calcium  pantothenate, 
nicotinic  acid,  inositol,  para-amino-benzoic  acid,  choline,  and  biotin. 

*  Same  as  Diet  I,  except  that  the  salt  mixture  in  the  basic  diet  differed. 

*  A  complete  diet  except  that  dextrin  was  substituted  for  sucrose. 

*  Basic  diet  enriched  by  adding  “Cerophyl.” 


TABLE  III 

Dental  cariee  and  oral  aciduric  bacteria  in  the  hamster 
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5.0 

0.3 
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0 

0 

19 

612 

507 

81 

10 

■I 

0 

0 

*  Caries  indices  of  these  two  animals:  40.8  and  45.4. 


0.5  p.pjn.  had  moderate  numbers  of  aciduric  bacteria  with  very  few  molar 
lesions. 

In  Table  III  the  oral  aciduric  bacterial  counts  are  compared  to  the  over-all 
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caries  indices,  regardless  of  the  diets  ingested  by  the  179  animals.  From  caries 
free  hamsters  a  moderate  number  of  lactobacilli,  fewer  aciduric  streptococci,  and 
very  few  aciduric  staphylococci  could  be  cultured.  It  seems  significant  that  as 
the  caries  indices  increased  above  the  1-4.9  index  level,  the  lactobacillus  count 
also  increased  by  regular  increments;  the  aciduric  streptococci  also  increased  but 
in  a  less  consistent  maimer,  while  the  aciduric  staphylococci  decreased  in  number 
as  the  caries  indices  increased.  The  high  streptococcus  count  in  the  2  animals 
with  caries  indices  of  40.8  and  45.4  may  be  related  to  the  modified  environment  of 
the  large  all-inclusive  molar  lesions  which  exposed  almost  every  pulp  to  the  oral 
cavity  in  these  cases. 


DISCUSSION 

Much  evidence  has  been  presented  in  recent  years  to  show  that  the  microbic 
flora  of  the  mouth  and  in  particular  that  of  the  tooth  surfaces  is  associated  in 
some  way  with  caries  activity  in  man.  In  the  case  of  induced  dental  caries  in 
animals,  the  oral  bacterial  flora  hkewise  becomes  an  important  environmental 
factor  to  be  thoroughly  studied. 

In  a  systematic  investigation  of  the  oral  flora  in  rats  with  dental  lesions  in¬ 
duced  by  dietary  means,  Harrison  (12)  demonstrated  that  the  primary  aerobic 
flora  of  the  normal  rat  tooth  includes  streptococci  (55-60%),  staphylococci  (14- 
16%),  micrococci,  gram  positive  bacilli  (mainly  lactobacilli,  15-20%  and  diph¬ 
theroids),  gram  negative  bacilli  of  the  intestinal  group,  gram-negative  cocci, 
monilia  and  filamentous  forms.  This  bacterial  flora  is  not  unlike  that  in  man. 
In  another  report,  Harrison  (13)  pointed  out  that  a  progressive  increase  in  the 
proportion  of  lactobacilli  as  well  as  alpha  streptococci  occurred  in  rats  developing 
caries  on  a  coarse  particle  diet.  In  animals  on  a  coarse  particle  diet,  into  which 
fluorides  and  iodoacetate  were  incorporated  with  the  result  that  fewer  carious 
lesions  were  found,  there  was  a  definite  decrease  in  numbers  of  lactobacilli, 
whereas  the  total  streptococci  were  increased  proportionately.  Animals  on 
soft  non-caries  producing  diets  showed  a  moderate  percentage  of  lactobacilli 
and  a  higher  percentage  of  acidogenic  streptococci,  whereas  in  those  on  this  diet 
treated  with  fluorides  and  iodoacetate  there  was  a  marked  decrease  in  lacto¬ 
bacilli  and  proportionate  increase  in  acidogenic  streptococci.  In  a  third  report 
the  same  investigator  (14)  indicated  that  the  aerobic  flora  of  large  dentinal  lesions 
consists  mainly  of  streptococci.  The  results  of  these  observations  suggested  a 
relationship  of  lactobacilli  with  initially  developing  carious  lesions  and  of  strep¬ 
tococci  with  advanced  dentinal  lesions. 

The  hamster  has  been  found  to  be  more  suited  to  studies  of  dental  caries  than 
the  rat  or  other  previously  used  experimental  animals  because  of  3  characteristics: 
(A)  Its  molar  teeth  are  susceptible  to  dental  lesions  under  certain  conditions 
approximating  those  found  in  the  disease  in  man.  (B)  The  environmental  fac¬ 
tors  of  diet  and  microbic  flora  which  have  been  demonstrated  to  be  associated 
with  the  development  of  dental  caries  in  man  are  similar  in  the  hamster’s  oral 
cavity.  (C)  The  lesions  produced  experimentally  in  the  hamster  resemble  the 
lesions  of  the  naturally  occurring  disease  in  man. 
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As  has  been  pointed  out  previously,  in  man  those  portions  of  the  tooth  surface 
on  which  initial  lesions  develop  are  covered  by  bacterial  plaques  consisting  of 
filamentous  bacteria  enmeshing  a  variety  of  bacterial  forms,  predominantly 
lactobacilli  according  to  Blayney,  Kesel,  Wach,  Bradel,  Hemmens  and  Harrison 
(6,  15,  16).  Stephan  (5)  has  made  direct  measurements  of  pH  of  these  plaques 
in  situ  and  has  found  pH  levels  as  low  as  4.3  in  extreme  caries-active  cases  after 
carbohydrate  ingestion.  The  lactobacilli  and  other  enmeshed  microorganisms 
of  the  plaque  are  apparently  able  to  survive  and  multiply  in  the  low  pH  which 
occurs  when  carbohydrate  is  available. 

The  microorganisms  collected  from  the  perimolar  region  of  the  hamsters  were 
grown  on  plates  of  aciduric  agar  which  would  permit  the  growth  of  only  acid 
tolerating  microorganisms.  The  use  of  the  diminutive  aspirator  made  it  pos¬ 
sible  to  collect  the  microorganisms  closely  adherent  to  the  molar  surfaces.  Al¬ 
though  it  was  not  found  to  be  feasible  to  obtain  specimens  which  might  be 
handled  as  are  the  bacterial  plaques  in  cultiues  made  from  human  teeth,  it  is 
believed  that  the  method  used  produced  results  which  are  at  least  roughly  com¬ 
parable  to  those  from  plaque  culture  methods. 

It  is  not  unlikely  that  among  the  microorganisms  cultivated  some  may  have 
been  transients.  Possibly  the  resident  flora  was  contaminated  by  microbes 
from  the  air,  food,  feces,  other  hamsters,  or  the  cage.  No  specific  attempt  was 
made  to  differentiate  between  the  resident  and  possible  transient  flora,  although 
the  usual  bacteriological  precautions  were  taken  to  prevent  extraneous  contami¬ 
nation  as  far  as  possible  in  the  taking  and  handling  of  cultures. 

Although  there  is  no  evidence  bearing  on  the  point,  it  may  be  suggested  that 
the  surfaces  of  teeth  which  are  undergoing  carious  decalcification  as  the  result  of 
acid  production  by  adjacent  bacteria  would  possess  a  “resident  flora”  consisting 
only  of  acid  tolerating  microorganisms.  In  this  case  the  non-aciduric  flora,  of 
which  large  numbers  of  several  species  were  obtained  in  the  few  cultures  that 
were  made  of  that  flora,  could  be  considered  as  transient  on  the  tooth  surfaces. 
This  is  not  advanced  as  a  h3rpothesis,  however,  since  it  is  not  known  whether  the 
surfaces  are  intermittently  or  continuously  acid  in  reaction,  nor  is  there  evidence 
that  those  organisms  which  do  not  grow  in  laboratory  media  at  pH  5.0  cannot 
subsist  in  bacterial  aggregates  on  the  tooth  surface  and  in  food  deposits  at  similar 
or  even  lower  pH  levels. 

As  the  observations  on  the  eruption  of  the  molar  teeth  indicated,  all  twelve 
molars  had  been  subjected  to  the  oral  dietary  and  bacterial  en^ronment  for  the 
full  period  of  study.  During  this  time  dental  lesions  developed  to  a  much  greater 
degree  in  animals  on  certain  diet  regimens  than  they  did  in  animals  on  other 
diets.  Since  the  hamsters  on  the  deficient  diets,  i.e.,  diets  that  lacked  certain 
portions  of  the  vitamin  B  components  employed  in  the  study,  were  given  the 
missing  factor  intraperitoneally,  these  animals  were  not  deficient  from  a  sys¬ 
temic  standpoint  in  any  of  the  essential  dietary  factors  studied,  provided  they 
could  assimilate  the  vitamin  component  given  parenterally,  and  furthermore 
there  is  evidence  that  animals  can  do  so.  Thus  the  differences  in  the  nutritional 
factors  involved  were  local  differences  only.  The  effects  of  caries  productive 
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diets  differed  from  the  effects  of  diets  producing  less  caries  because  of  differences 
in  their  direct  local  action  in  the  mouth.  Inhibitors  in  the  form  of  fluorine  or 
possibly  other,  as  yet  unrecognized  substances  contained  in  the  diets  apparently 
minimized  the  extent  of  caries  developing  in  animals  fed  on  the  commercially 
prepared  diets. 

It  was  found  that  aciduric  bacterial  samples  from  the  animals  on  the  different 
diets  varied  from  one  group  to  another,  not  in  kind,  but  in  quantity  of  colonies 
grown.  This  could  be  interpreted  to  mean  that  all  the  animals  have  perimolar 
flora  consisting  of  essentially  the  same  aciduric,  facultatively  anaerobic  micro¬ 
organisms.  However,  under  certain  favorable  oral  dietary  environments  in¬ 
volving  the  presence  or  absence  of  certain  vitamin  B  components,  or  for  some 
other  less  evident  reason,  some  bacteria  increased  to  enormous  numbers,  while 
under  unfavorable  conditions  such  as  provided  by  a  high  fluorine  content  in  the 
diet  there  was  no  such  bacterial  increase.  In  this  connection  it  should  be  pointed 
out  that  although  the  specific  growth  requirements  have  not  yet  been  determined, 
it  is  known  that  oral  lactobacilli,  in  vitro,  require  carbohydrate  for  growth;  that 
their  optimal  pH  range  is  on  the  acid  side  of  neutrality;  and  that  their  growth  is 
much  improved  when  the  media  are  supplemented  with  liver  extract,  yeast  ex¬ 
tract,  or  tomato — all  rich  in  vitamin  B  components. 

Streptococci,  appearing  as  pin-point  colonies  on  the  aciduric  plates,  could 
seldom  be  subcultured  and  may  be  less  aciduric  than  the  lactobacilli.  These 
streptococci,  nevertheless,  were  found  in  great  numbers  in  animals  with  very 
high  caries  indices  with  many  pulp  exposures,  although  they  were  isolated  less 
consistently  from  animals  with  less  advanced  lesions  than  were  the  lactobacilli. 
It  is  therefore  conceivable  that  these  streptococci  might  have  had  their  source  in  a 
somewhat  less  aciduric  flora  of  the  deeper  dentinal  cavities  opening  into  the 
pulp  chambers. 

Although  only  the  aciduric,  facultatively  anaerobic  portion  of  the  perimolar 
flora  was  studied  at  all  quantitatively,  it  seems  evident  from  the  data  presented 
that  the  lactobacilli,  considered  as  a  group  because  of  their  pleomorphism  and 
mixed  fermentation  reactions,  were  the  most  consistent  and  numerous  organisms 
found  in  association  with  caries  in  the  hamsters  studied. 

SUMMARY 

The  oral  bacterial  flora  of  the  Syrian  hamster  was  investigated.  Specimens 
were  obtained  from  the  molar  tooth  surfaces  by  means  of  a  small  aspirating  tube. 
The  specimens  were  grown  on  a  differential  medium  having  pH  of  5.0. 

Colonies  on  a  total  of  227  acid  agar  plates,  inoculated  with  the  perimolar 
specimens  from  179  hamsters  which  had  been  maintained  on  various  diets,  were 
observed  and  studied.  Eight  kinds  of  aciduric  microorganisms  were  isolated: 
staphylococci,  streptococci,  and  unidentified  pleomorphic  organisms  and  5  va¬ 
rieties  of  lactobacilli. 

Comparison  of  caries  indices  with  the  numbers  of  microorganisms  isolated 
indicated  some  degree  of  association  of  lactobacilli  and  streptococci  with  the 
development  of  carious  lesions.  There  was  no  clear  evidence  of  a  direct  relation 
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between  the  number  of  microorganisms  isolated  and  the  vitamin  content  of  the 
various  diets. 

The  author  is  grateful  to  Dr.  R.  W.  Harrison  and  Dr.  J.  R.  Blayney  for  helpful  sug¬ 
gestions  and  advice. 
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DENTAL  CARIES  IN  THE  SYRIAN  HAMSTERS 

III.  The  Effect  of  Topical  NaF  and  Urea  Appucations 
ON  Caries  Activity 

PAUL  H.  KEYES 

From  the  Division  of  Dental  Researati,  The  University  of  Rochester,  Rochester,  N.  Y. 

The  effectiveness  of  topically  applied  fluoride  solutions  in  reducing  human 
dental  caries  has  been  reported.  From  clinical  studies  on  80  children  over  a 
2  year  period,  Bibby  (1)  concluded  that  6  topical  applications  of  a  1/1000  sodium 
fluoride  solution  reduced  dental  caries  by  somewhat  more  than  one-third.  In  a 
group  of  children  Knutson  and  Armstrong  (2)  found  approximately  40%  less 
new  carious  teeth  occurred  in  quadrants  of  the  mouth  treated  with  a  2%  NaF 
solution  than  in  quadrants  not  treated.  Cheyne  (3)  reported  that  a  50%  caries 
reduction  occurred  in  the  teeth  of  a  small  group  of  5  and  6  year  old  children 
during  a  1  year  period  in  which  they  received  treatment  with  a  500  ppm  KF 
solution  at  0.28  yearly  intervals. 

Unsuccessful  results  have  been  reported  by  Arnold,  Singleton,  and  Dean  (4) 
who  concluded  that  single  topical  applications  of  5000  ppm  fluoride  did  not 
reduce  the  caries  incidence  of  young  adults.  East,  Ziskin,  Stowe,  Karshan  and 
Richardson  (5)  claim  no  beneficial  action  on  the  caries  incidence  in  newly  erupted 
teeth  of  children  subjected  to  repeated  topical  applications  of  potassium  fluoride. 
Bibby  (6)  reports  that  no  evidence  of  a  reduction  in  caries  activity  was  found  in  a 
2  year  study  on  the  effect  of  fluoride-containing  dentifrices  in  groups  of  dental 
students  and  orphanage  children  and  refers  to  data  in  press  in  which  fluoride 
mouth  washes  were  unsuccessful. 

It  is  evident,  therefore,  that  the  effectiveness  of  fluoride  applications  in  inhibit¬ 
ing  dental  caries  is  uncertain.  If  the  local  use  of  fluoride  drugs  is  of  value,  the 
most  effective  t3rpe  and  concentration  of  fluoride  compound,  the  optimum  treat¬ 
ment  interval,  and  the  best  method  of  application  are  unknown. 

Part  of  the  present  study  was  undertaken  to  determine  whether  hamsters 
might  be  useful  in  the  experimental  approach  to  some  of  these  problems.  This 
possibility  was  suggested  by  previous  work.  Sognnaes  (7)  tested  the  effect  of 
topical  fluoride  applications  on  the  incidence  of  rat  caries.  His  results  suggested 
that  the  application  of  a  solution  containing  60,000  ppm  fluorine  to  the  right 
molars  of  rats  fed  a  caries-producing  diet  resulted  in  a  slight  caries  reduction  as 
compared  to  the  untreated  left  molars.  Caries  activity  in  the  molar  teeth  of 
hamsters  has  been  reduced  by  fluoride  in  the  drinking  water  (8, 9),  and  the  effect 

^  This  work  was  made  possible,  in  part,  by  a  grant  of  the  Eastman  Dental  Dispensary  of 
Rochester,  N.  Y.  Presented  before  the  23rd  General  Meeting  of  the  International  Asso¬ 
ciation  for  Dental  Research,  Chicago,  HI.  May  27,  1945  (J.  D.  Res.  24:  198,  1945).  Re¬ 
ceived  for  publication  July  8, 1946. 
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diets  differed  from  the  effects  of  diets  producing  less  caries  because  of  differences 
in  their  direct  local  action  in  the  mouth.  Inhibitors  in  the  form  of  fluorine  or 
possibly  other,  as  yet  unrecognized  substances  contained  in  the  diets  apparently 
minimized  the  extent  of  caries  developing  in  animals  fed  on  the  commercially 
prepared  diets. 

It  was  found  that  aciduric  bacterial  samples  from  the  animals  on  the  different 
diets  varied  from  one  group  to  another,  not  in  kind,  but  in  quantity  of  colonies 
grown.  This  could  be  interpreted  to  mean  that  all  the  animals  have  perimolar 
flora  consisting  of  essentially  the  same  aciduric,  facultatively  anaerobic  micro¬ 
organisms.  However,  under  certain  favorable  oral  dietary  environments  in¬ 
volving  the  presence  or  absence  of  certain  vitamin  B  components,  or  for  some 
other  less  evident  reason,  some  bacteria  increased  to  enormous  numbers,  while 
under  unfavorable  conditions  such  as  provided  by  a  high  fluorine  content  in  the 
diet  there  was  no  such  bacterial  increase.  In  this  connection  it  should  be  pointed 
out  that  although  the  specific  growth  requirements  have  not  yet  been  determined, 
it  is  known  that  oral  lactobacilli,  in  vitro,  require  carbohydrate  for  growth;  that 
their  optimal  pH  range  is  on  the  acid  side  of  neutrality;  and  that  their  growth  is 
much  improved  when  the  media  are  supplemented  with  liver  extract,  yeast  ex¬ 
tract,  or  tomato — all  rich  in  vitamin  B  components. 

Streptococci,  appearing  as  pin-point  colonies  on  the  aciduric  plates,  could 
seldom  be  subcultured  and  may  be  less  aciduric  than  the  lactobacilli.  These 
streptococci,  nevertheless,  were  found  in  great  numbers  in  animals  with  very 
high  caries  indices  with  many  pulp  exposures,  although  they  were  isolated  less 
consistently  from  animals  with  less  advanced  lesions  than  were  the  lactobacilli. 
It  is  therefore  conceivable  that  these  streptococci  might  have  had  their  source  in  a 
somewhat  less  aciduric  flora  of  the  deeper  dentinal  cavities  opening  into  the 
pulp  chambers. 

Although  only  the  aciduric,  facultatively  anaerobic  portion  of  the  perimolar 
flora  was  studied  at  all  quantitatively,  it  seems  evident  from  the  data  presented 
that  the  lactobacilli,  considered  as  a  group  because  of  their  pleomorphism  and 
mixed  fermentation  reactions,  were  the  most  consistent  and  numerous  organisms 
found  in  association  with  caries  in  the  hamsters  studied. 

SUMMARY 

The  oral  bacterial  flora  of  the  Syrian  hamster  was  investigated.  Specimens 
were  obtained  from  the  molar  tooth  surfaces  by  means  of  a  small  aspirating  tube. 
The  specimens  were  grown  on  a  differential  medium  having  pH  of  5.0. 

Colonies  on  a  total  of  227  acid  agar  plates,  inoculated  with  the  perimolar 
specimens  from  179  hamsters  which  had  been  maintained  on  various  diets,  were 
observed  and  studied.  Eight  kinds  of  aciduric  microorganisms  were  isolated: 
staphylococci,  streptococci,  and  unidentified  pleomorphic  organisms  and  5  va¬ 
rieties  of  lactobacilli. 

Comparison  of  caries  indices  with  the  numbers  of  microorganisms  isolated 
indicated  some  degree  of  association  of  lactobacilli  and  streptococci  with  the 
development  of  carious  lesions.  There  was  no  clear  evidence  of  a  direct  relation 
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between  the  number  of  microorganisms  isolated  and  the  vitamin  content  of  the 
various  diets. 

The  author  is  grateful  to  Dr.  R.  W.  Harrison  and  Dr.  J.  R.  Blajrney  for  helpful  sug¬ 
gestions  and  advice. 
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DENTAL  CARIES  IN  THE  SYRIAN  HAMSTERS 

III.  The  Effect  of  Topical  NaF  and  Urea  Appucations 
ON  Caries  Activity 

PAUL  H.  KEYES 

From  the  Division  of  Dental  Researal^,  The  University  of  Rochester,  Rochester,  N.  Y. 

The  effectiveness  of  topically  applied  fluoride  solutions  in  reducing  human 
dental  caries  has  been  reported.  From  clinical  studies  on  80  children  over  a 
2  year  period,  Bibby  (1)  concluded  that  6  topical  applications  of  a  1/1000  sodium 
fluoride  solution  reduced  dental  caries  by  somewhat  more  than  one-third.  In  a 
group  of  children  Knutson  and  Armstrong  (2)  found  approximately  40%  less 
new  carious  teeth  occurred  in  quadrants  of  the  mouth  treated  with  a  2%  NaF 
solution  than  in  quadrants  not  treated.  Cheyne  (3)  reported  that  a  50%  caries 
reduction  occurred  in  the  teeth  of  a  small  group  of  5  and  6  year  old  children 
during  a  1  year  period  in  which  they  received  treatment  with  a  500  ppm  KF 
solution  at  0.28  yearly  intervals. 

Unsuccessful  results  have  been  reported  by  Arnold,  Singleton,  and  Dean  (4) 
who  concluded  that  single  topical  applications  of  5000  ppm  fluoride  did  not 
reduce  the  caries  incidence  of  young  adults.  East,  Ziskin,  Stowe,  Karshan  and 
Richardson  (5)  claim  no  beneficial  action  on  the  caries  incidence  in  newly  erupted 
teeth  of  children  subjected  to  repeated  topical  applications  of  potassium  fluoride. 
Bibby  (6)  reports  that  no  evidence  of  a  reduction  in  caries  activity  w^as  found  in  a 
2  year  study  on  the  effect  of  fluoride-containing  dentifrices  in  groups  of  dental 
students  and  orphanage  children  and  refers  to  data  in  press  in  which  fluoride 
mouth  washes  were  unsuccessful. 

It  is  evident,  therefore,  that  the  effectiveness  of  fluoride  applications  in  inhibit¬ 
ing  dental  caries  is  uncertain.  If  the  local  use  of  fluoride  drugs  is  of  value,  the 
most  effective  type  and  concentration  of  fluoride  compound,  the  optimum  treat¬ 
ment  interval,  and  the  best  method  of  application  are  unknown. 

Part  of  the  present  study  was  imdertaken  to  determine  whether  hamsters 
might  be  useful  in  the  experimental  approach  to  some  of  these  problems.  This 
possibility  was  suggested  by  previous  work.  Sognnaes  (7)  tested  the  effect  of 
topical  fluoride  applications  on  the  incidence  of  rat  caries.  His  results  suggested 
that  the  application  of  a  solution  containing  60,000  ppm  fluorine  to  the  right 
molars  of  rats  fed  a  caries-producing  diet  resulted  in  a  slight  caries  reduction  as 
compared  to  the  untreated  left  molars.  Caries  activity  in  the  molar  teeth  of 
hamsters  has  been  reduced  by  fluoride  in  the  drinking  water  (8, 9),  and  the  effect 

*  This  work  was  made  possible,  in  part,  by  a  grant  of  the  Eastman  Dental  Dispensary  of 
Rochester,  N.  Y.  Presented  before  the  23rd  General  Meeting  of  the  International  Asso¬ 
ciation  for  Dental  Research,  Chicago,  Rl.  May  27,  1946  (J.  D.  Res.  24;  198,  1945).  Re¬ 
ceived  for  publication  July  8, 1946. 
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of  topical  applications  of  “Septochem”  on  caries  activity  in  hamsters  has  been 
tested  (10). 

At  the  time  this  experiment  was  undertaken,  clinical  reports  on  the  effective¬ 
ness  of  urea  in  reducing  the  activity  of  human  dental  caries  had  not  appeared 
(11),  but  the  reported  effectiveness  of  urea  in  counteracting  the  influence  of 
carbohydrates  on  the  pH  of  dental  plaques  (12)  suggested  that  topical  urea 
applications  might  be  effective  in  reducing  caries  activity  in  hamsters. 

EXPERIMENTAL 

All  hamsters  were  obtained  from  an  inbr^  colony  maintained  on  a  stock 
diet  of  Purina  Rabbit  Checkers.  From  20  litters  between  4  and  5  weeks  old, 
100  animals  were  distributed  at  random  into  5  groups  of  19  to  21  animals  each. 

Group  I  animals  were  maintained  on  a  diet  of  whole  dry  yellow  com  to  study 
the  effect  of  this  ration  on  caries  activity.  The  results  of  this  experiment  are 
reported  elsewhere. 

Group  II  animals  (12  females  and  8  males)  received  the  standard  Hoppert- 
Webber-Canniff  diet  (13):  com  meal  60%;  powdered  milk  30%;  linseed  meal 
6%;  alfalfa  meal  3%;  and  NaCl  1%.  The  com  meal  was  of  a  semi-fine  grind 
and  all  of  it  passed  a  20-mesh  screen.  The  fluoride  content  of  the  ration  analysed 
by  the  method  of  Willard  and  Winter  (14)  was  0.87  ppm  fluorine. 

Group  III  animals  (12  females  and  8  male)  received  a  diet  containing  2  parts 
of  the  H-W-C  mixture  and  1  part  of  confectioners  sugar.  The  fluoride  content 
of  this  mixture  was  0.92  ppm  fluorine. 

Group  IV  animals  (13  female  and  8  male)  received  the  same  ration  as  Group  II. 
The  molar  teeth  of  hamsters  in  this  group  were  treated  for  2  minutes  once  a  week 
with  topical  applications  of  a  NaF  solution  containing  1000  ppm  fluorine. 

Group  V  animals  (12  female  and  8  male)  received  the  same  H.W.C.-sugar 
ration  as  Group  III.  The  molar  teeth  of  these  animals  were  treated  for  2 
minutes  each  week  with  a  50%  urea  solution. 

The  method  of  treatment  in  Groups  IV  and  V  was  as  follows:  Each  animal 
was  lightly  anesthetized  in  a  dericcating  jar  containing  a  small  amount  of  ether 
in  the  bottom.  The  anesthetized  animal  was  placed  supine  on  a  flat  board 
having  a  spring  prop  to  hold  open  the  mouth.  From  a  22  gauge  needle  in  a  10  cc 
Leur  Lock  syringe  the  solutions  were  dropped  continuously  over  the  upper  teeth 
for  1  minute.  The  excess  fluid  was  aspirated  from  the  mouth  by  means  of  a  14 
gauge  needle  attached  by  rubber  tubing  to  a  water  vacuum  pump.  The  lower 
teeth  were  treated  by  removing  the  animal  from  the  board,  propping  open  the 
mouth  with  a  small  pair  of  forceps  placed  in  the  diastema  between  incisors  and 
molars,  and  by  dropping  the  solution  over  the  teeth  and  aspirating  excess  fluid. 
This  was  done  several  times  during  the  1  minute  period.  The  total  treatment 
time  was  2  minutes  for  each  animal.  At  the  end  of  the  treatment  all  excess 
fluid  was  carefully  aspirated,  but  the  mouth  was  not  rinsed.  At  no  time  during 
the  treatment  Were  the  needles  brought  into  contact  with  the  tooth  surfaces. 

Animals  were  kept  in  metal  cages  with  wood  shavings  for  bedding.  Diets 
and  distilled  water  were  available  ad  libitum.  Supplements  of  fresh  alfalfa 
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were  supplied  to  each  group  once  a  week.  The  animals  were  maintained  on  this 
regime  for  110  days,  after  which  time  they  were  sacrificed.  From  heads  fixed 
in  10%  formalin,  the  jaws  were  removed,  stripped  of  soft  tissue,  and  dried.  The 
teeth  were  examined  under  a  low-power  binocular  microscope  (2.0  X  10),  and 
all  gross  lesions  were  charted  and  scored  by  a  method  previously  described  (15). 

TABLE  I 


Cartea  Incidence  as  Found  in  Individual  Molars 


MOLXmS 

cmoup  11 

H.W.C.  DIET 

GEOUP  IV 

H.W.C.  DIET, 

P  TREATED 

GROUP  XU 

H.W.C.  SUGAR 

j  GROUP  V 

H.W.C.  SUGAR 

UREA  TREATED 

%  Molars 
Affected 

Ave.  %  of 
Tooth 
Decayed 

%  Molars 
Affected 

Ave.  %  of 
Tooth 
Decayed 

%  Molars 

1  Affected 

Ave.  %  of 
Tooth 
Decayed 

%  Molars 
Affected 

Ave.  %  of  \ 

Tooth 

Decayed 

Female 


Maxillary 

I 

0 

0 

0 

0 

62.5 

6.1 

100 

19.9 

II 

4.3 

0.09 

0 

0 

75.0 

34.8 

100 

59.7 

III  j 

0 

0 

0 

0 

83.5 

45.4 

100 

69.0 

Mandibular 

I 

0 

0 

0 

0 

62.5 

6.4 

96 

17.5 

II 

33.3 

0.4 

30.8 

12.2 

79.1 

17.2 

100 

48.3 

III 

0 

0 

3.8 

0.04 

54.1 

7.7 

100 

33.0 

Male 


Maxillary 

I 

0 

0 

0 

0 

56.2 

5.2 

100 

29.6 

II 

21.4 

2.8 

0 

0 

62.5 

31.1 

100 

81.8 

III 

71.5 

10.0 

6.3 

2.1 

87.5 

59.5 

100 

99.0 

Mandibular 

I 

7.2 

3.6 

0 

0 

62.5 

20.1 

89 

47.8 

II 

93.0 

25.1 

50.0 

5.1 

68.8 

10.7 

100 

60.4 

III 

35.7 

1.2 

0 

0 

68.8 

21.7 

94 

62.5 

RESULTS 

The  animals  showed  no  unfavorable  effects  or  retardation  in  growth  due  to 
the  treatment*.  They  remained  in  good  health  except  for  a  few  days  when  an 
epidemic  of  “sniffles”  passed  through  the  colony. 

The  caries  experience  of  the  treated  and  non-treated  groups  is  indicated  in 
Table  I.  From  these  data  the  foUomng  interpretation  is  made:  1.  Fluoride 
treatment  seemed  to  offer  some  protection  for  male  animals  but  not  for  female. 
2.  The  urea  treated  animals  had  a  much  higher  caries  experience  than  animals 
which  received  no  treatment  at  all.  3.  The  addition  of  sugar  to  the  H.W.C. 

*  One  female  in  Group  V  died  from  accidental  over  anesthetization.  The  caries  ex¬ 
perience  of  this  animal  is  not  included  in  the  final  results. 
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ration  increased  the  caries  producing  properties  of  the  diet  to  a  considerable 
degree.  4.  In  groups  II  and  IV  male  animals  experienced  greater  caries  activity 
than  female. 

DISCUSSION 

In  most  of  the  previous  experiments  on  the  effectiveness  of  topical  fluoride 
applications  in  reducing  caries  activity,  treated  teeth  in  one  quadrant  have  been 
compared  to  untreated  teeth  in  an  adjacent  quadrant  of  the  same  mouth  (1,  2, 
5,  6).  One  recognizes  that  better  comparisons  and  more  uniform  control  can 
be  obtained  by  this  method;  however,  due  to  the  extremely  small  size  of  hamsters 
and  the  technical  difficulties  involved  in  such  procedures,  repeated  treatment  of 
isolated  quadrants  was  not  considered  practical.  Comparison  of  individual 
animals  is  believed  to  be  satisfactory  if  experimental  procedures  are  carefully 
controlled  and  the  groups  are  sufficiently  large.  The  suggestion  is  not  made 
that  either  was  adequate  in  this  experiment. 

Female  animals  on  the  H.W.C.  diet  (Groups  II  and  IV)  were  less  susceptible 
to  dental  caries  than  males  on  the  same  ration,  with  the  result  that  the  difference 
between  fluoride-treated  and  non-treated  females  was  too  small  for  satisfactory 
comparisons.  For  males,  however,  the  fluoride  applications  seemed  to  offer 
slight  protection  as  evidenced  by  a  reduction  in  the  number  of  teeth  affected 
and  the  extent  of  cavitation. 

The  mechanism  whereby  urea  reduces  caries  activity  is  attributed  mainly  to 
the  liberation  of  ammonium  carbonate  which  neutralizes  the  acids  produced  in 
dental  plaques  (16).  By  direct  measurement  of  pH  values  of  dental  plaques 
in  situ,  Stephan  (12)  reported  that  40  to  50%  urea  applied  for  1  to  5  minutes 
exerts  a  marked  inhibitory  effect  on  the  pH  drop  produced  by  glucose  for  as 
long  as  24  hours  after  the  urea  applications.  Since  the  caries  inhibitory  effect 
of  urea  solutions  lasts  only  as  long  as  sufficient  ammonium  carbonate  is  present 
in  the  plaque  to  neutralize  the  acid  effect  of  carbohydrates,  the  beneficial  effect 
of  weekly  2-minute  treatments  was  questionable.  However,  it  was  thought  that 
some  evidence  of  caries  inhibition  might  be  detected. 

The  great  increase  in  caries  activity  in  animals  that  received  urea  treatment 
was  unexpected  and  remains  unexplained.  Since  control  groups  were  not 
treated  with  distilled  water,  it  is  impossible  to  conclude,  at  this  time,  that  the 
urea  was  a  factor  in  the  process.  The  possibility  exists  that  the  treatment 
procedure  itself  or  other  unrecognized  factors  were  conducive  to  an  increase  in 
caries  activity. 

If  the  reaction  of  the  animals  to  the  treatments  favored  an  increase  in  caries 
activity,  perhaps  there  was  a  greater  degree  of  protection  than  is  apparent  from 
these  data.  Both  the  fluoride  and  the  urea  may  have  exerted  more  caries 
inhibitory  action  than  can  be  recognized.  Unfortunately  neither  additional 
animals  nor  facilities  were  available  for  mnning  more  control  groups. 

SUMMARY  AND  CONCLUSIONS 

In  a  group  of  hamsters  on  the  Hoppert-Webber-Canniff  diet,  weekly  2-minute 
treatments  with  topical  applications  of  NaF  solution  containing  1000  ppm 


TOPICAL  NaF  AND  urea;  hamster  caries 


473 


fluoride  apparently  afforded  slight  protection  for  males.  The  difference  between 
treated  and  untreated  females  was  too  small  to  permit  satisfactory  comparisons. 

Another  group  of  hamsters  receiving  a  H.W.C.-sugar  ration  was  not  benefited 
by  weekly  2-minute  treatment  with  a  50%  urea  solution,  when  compared  to 
untreated  animals  on  a  similar  diet. 

Caries  activity  was  increased  by  the  addition  of  sugar  to  the  H.W.C.  formula, 
and  a  sex  difference  was  noted  in  some  groups. 

The  Syrian  hamster  appears  to  be  suited  for  experimental  studies  on  the  caries 
inhibiting  action  of  topically  applied  drugs.  However,  technical  diflBculties 
necessitate  very  careful  control  of  all  experimental  conditions.  The  results 
reported  suggest  interesting  possibilities  and  indicate  that  additional  work  needs 
to  be  done  to  determine  the  mechanisms  associated  with  caries  activity  in  this 
species. 
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VARIATIONS  IN  COUNTS  OF  LACTOBACILLI  MADE  FROM 
SINGLE  SPECIMENS  OF  SALIVA^ 

DOROTHY  PERMAR,  M.S.,  PAUL  C.  KITCHIN,  M.S.,  D.D.S., 
HAMILTON  B.  G.  ROBINSON,  D.D.S.,  M.S. 

Various  sources  of  error  are  responsible  for  inaccuracies  in  counts  of  salivary 
lactobacilli.  The  first  error  is  introduced  when  paraffin  is  chewed  and  the  stimu¬ 
lated  saliva  deposited  in  a  bottle.  Hadley  (6)  found  it  impossible  to  obtain 
uniform  counts  from  an  individual,  even  on  successive  days,  due  to  the  fact  that 
“paraffin  chewing  cannot  regularly  dislodge  the  same  number  of  organisms  from 
the  teeth.”  A  second  source  of  error  may  be  variation  in  the  lapse  of  time 
between  awakening  of  the  individual  and  collection  of  the  specimen.  If  saliva 
is  collected  immediately  upon  awakening,  there  may  be  conceivably  less  salivary 
flow,  and  a  greater  concentration  of  bacterial  content,  than  if  the  salivary  glands 
have  been  reflexively  stimulated  by  the  odor  of  food. 

Several  sources  of  error  in  making  agar  plate  counts  from  samples  of  fluids 
have  been  listed  (1,2):  1,  failure  of  some  bacteria  to  grow  because  of  incubation 
temperature,  medium,  etc.;  2,  inaccuracies  in  measurement  of  material;  3,  mis¬ 
takes  in  counting,  computation  and  recording;  4,  contamination;  and  5,  the 
uneven  distribution  of  the  bacterial  population  in  the  original  substance.  “Bac¬ 
teria  in  milk  and  cream  usually  occur  in  groups  of  from  two  to  several  hundred 
individuals.  The  customary  shaking  of  samples  and  dilutions  is  an  inadequate 
method  of  breaking  apart  the  clumps,  so  that,  under  optimum  conditions,  the 
count  of  colonies  on  the  plate  represents  the  number  of  isolated  individuals  and 
groups  of  two  or  more  bacteria  . . .  .This  error  would  not  be  troublesome  if  the 
groups  were  of  constant  average  size;  but  observations  indicate . . .  they 
contain  an  average  of  2  to  6  cells,  while  unusual  samples  . . .  may  have  groups 
of  25  or  more  . . . .  ”  (1).  The  first  4  of  these  sources  of  error  in  making  agar 
plate  counts  were  carefully  eliminated  in  collecting  the  data  here  presented. 
We  attempted,  by  various  means,  to  overcome  the  clumping  of  the  bacteria. 

Other  workers  have  made  efforts  to  eliminate  clumping.  Crowley  and  Rickert 
(4)  attempted  to  break  up  bacterial  clumps  by  spraying  the  dilution  through  an 
atomizer  for  30  minutes.  They  found  that  such  a  method  gave  consistently 
higher  counts  but  bacterial  clumps  still  were  present.  A  dilute  solution  of 
NaOH  used  as  a  diluent  did  not  eliminate  clumps.  They  reported  that  counts 
taken  on  the  same  individual  at  different  times  of  day  varied  greatly. 

Bibby  and  Maurer  (3)  found  a  difference  in  the  counts  on  plates  made  from 
different  dilutions  of  saliva,  and  believed  that  agglutination  of  organisms  might 

‘  Presented  at  the  24th  General  Meeting  of  the  International  Association  for  Dental  Re¬ 
search,  Kansas  City,  Missouri,  March  16  and  17, 1946  (/.  D,  Rea.,  86: 167, 1946).  Received 
for  publication  June  12, 1946. 
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be  influencing  the  results.  They  reported  that  of  the  various  methods  used  to 
reduce  the  spontaneous  agglutinatiop  of  salivary  organisms,  the  addition  of  1% 
horse  serum  to  standing  saliva  or  saliva  dilution  tubes  gave  satisfactory  results. 
No  specific  data  on  counts  were  given. 

Various  workers  (7,  10,  11,  15,  16)  have  recognized  the  fallacy  of  basing  a 
diagnosis  of  caries  activity  on  a  single  plate  count  of  lactobacilli.  Some  workers 
(5,  10,  13)  have  attributed  the  variations  obtained  in  counts  made  on  successive 
days  to  actual  variations  in  the  population  of  oral  lactobacilli.  Ferier  and 
Leonard  (5)  described  what  they  called  the  diurnal  tide  of  bacteria  in  the  mouth. 
Smolelis  (14)  reported  the  effects  of  time  and  temperature  on  the  lactobacillus 
counts. 

Snyder  (16)  stated  that  errors  occur  in  plate  counts,  and  indicated  the  necessity 
of  successive  studies  of  individuals  rather  than  a  single  specimen  of  saliva.  In 
correlating  his  colorimetric  method  for  the  estimation  of  relative  numbers  of 
lactobacilli  in  saliva  with  plate  counts  on  the  same  sample,  Snyder  found  it  pos¬ 
sible  to  select  by  negative  color  change  with  a  4%  error,  those  specimens  having 
less  than  1000  lactobacilli  per  cc.  It  became  increasingly  difficult  to  correlate 
color  changes  with  higher  lactobacillus  counts. 

PROCEDURE 

With  the  initiation  of  a  Caries  Control  Laboratory  based  on  the  system  set  up 
by  Jay  (8),  tests  were  made  of  our  ability  to  obtain  consistent  results.  A  number 
of  plates  were  spread  from  a  single  specimen  of  saliva.  The  ^vide  variation  in  the 
counts  obtained  when  8  or  10  plates  were  made  from  the  same  saliva  sample  sug¬ 
gested  serious  error  in  the  manipulation  of  the  materials.  After  carefully  check¬ 
ing  for  all  such  possible  sources  of  error,  similar  discrepancies  were  found  in  counts 
from  plates  made  not  only  from  the  same  dilution  of  a  sample,  but  from  the  same 
1  cc.  pipetful  of  this  dilution  when  0.1  cc.  was  placed  on  each  of  a  series  of  plates. 

The  agar  used  was  the  Hadley  modification  of  Kulp’s  tomato  agar  (6).  The 
diluent  was  the  beef  infusion  broth,  pH  5,  used  by  Jay  (8).  The  original  saliva 
specimen  was  thoroughly  shaken;  a  sterile  1  cc.  pipet  was  used  to  place  1  cc.  of 
the  specimen  into  a  known  amount  of  beef  broth.  The  saliva  and  diluent  were 
mixed  by  drawing  in  and  out  of  the  pipet  at  least  10  times;  0.1  cc.  of  the  mixture 
was  placed  on  a  tomato  agar  plate;  this  was  distributed  evenly  with  a  sterile  L- 
shaped  glass  rod  spreader,  of  uniform  size  in  each  instance.  The  plates  were  in¬ 
cubated  for  96  hours.  The  lactobacillus  colonies  were  counted  and  computations 
made  to  estimate  the  number  of  organisms  per  cc.  of  saliva.  Most  samples  were 
allowed  to  stand  24  hours  before  plating.  None  were  plated  in  less  than  6  hours 
after  collection  of  the  saliva. 

Five  steps  were  taken  in  the  attempt  to  reduce  the  error  in  the  plate  counts: 

1.  Before  starting  to  collect  these  data,  the  procedure  was  checked  carefull> 
for  possible  errors  in  measurement.  The  considerable  amount  of  foam  which 
adhered  to  the  outside  of  the  pipet  when  saliva  was  taken  from  the  original  sample 
was  routinely  removed  with  sterile  gauze.  2.  Several  methods  of  mixing  the 
original  specimen  were  employed  in  efforts  to  attain  an  equal  distribution  of  bac- 
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teria.  These  methods  were:  (a)  shaking  the  specimen  vigorously  by  hand  for  3 
minutes;  (b)  shaking  for  1  minute  on  an  amalgam  mixer  (Wig-L-Bug)  which  had 
been  modified  to  carry  the  specimen  bottle  in  a  cylinder;  (c)  beating  specimen  on 
a  high  speed  stirrer,  using  3  beaters  each  having  a  different  arrangement  of  blades; 
(d)  shaking  on  a  Kahn  shaker  for  10  minutes.  3.  Thorough  mixing  of  saliva  and 
diluent  were  sought  by:  (a)  drawing  the  mixture  in  and  out  of  a  pipet  at  least  10 
times;  or  (b)  placing  a  sterile  rubber  stopper  in  the  test  tube  and  shaking  the  tube 
for  3  minutes  before  plating.  4.  In  some  instances,  a  large  portion  of  the  shaken 
original  sample  was  placed  in  a  diluent,  to  overcome  the  variation  in  counts 
caused  by  removing  several  small  portions,  each  containing  unknown  numbers  of 
clumps  of  bacteria.  This  large  portion  of  saliva  and  the  diluent  were  beaten  with 
the  high  speed  stirrer  to  mix  thoroughly,  and,  if  possible,  to  break  up  clumps  of 
organisms.  From  this  mixture,  several  1  cc.  portions  were  removed  and  placed 
in  a  second  diluent  for  plating.  5.  Different  diluents  were  used  to  determine 
whether  or  not  a  change  of  diluent  would  permit  a  better  distribution  of  organ¬ 
isms.  The  beef  broth  was  replaced  in  some  instances  by  distilled  w’ater,  N  saline 
solution,  or  fluid  agar  (1  gram  to  400  cc.  of  distilled  water). 

DATA 

The  data  presented  show  the  variations  obtained  in  series  of  plate  counts  made 
from  single  saliva  specimens  when,  1,  various  methods  of  mixing  w'ere  employed, 
and,  2,  when  different  diluents  were  used.  The  data  also  demonstrate  trends  in 
the  counts  of  the  individuals  tested. 

In  tables  I  and  II  the  methods  used  for  mixing  the  saliva,  and  the  diluent  used, 
are  indicated  in  the  first  column.  Column  2  showrs  the  number  of  plates  made 
from  each  specimen.  A  separate  dilution  w^as  used  for  each  plate,  and  the 
original  specimen  was  shaken  in  the  designated  manner  before  each  dilution  was 
made.  The  mean  was  computed  for  each  series  of  plates.  In  order  to  obtain  a 
figure  for  each  specimen  that  could  be  compared  with  a  similar  figure  for  all  other 
specimens,  the  range  the  mean  was  arbitrarily  chosen.  In  column  3  is  re¬ 
corded  the  percentage  of  plates  in  each  series  whose  counts  were  wdthin  the  range 
±1  the  mean  for  that  series.  The  highest  and  low’est  counts  obtained  in  each 
series  are  recorded  in  column  4. 

Jay’s  system  of  diagnosis  of  caries  activity  is  based  on  grouping  the  counts  into 
5  classes.*  The  percentage  of  plates  of  each  series  wrhich  fall  into  each  of  these 
classes  is  given  in  columns  5,  6,  7,  8,  9. 

The  method  of  mixing  used  for  data  shown  in  Table  I  varies.  One  cc.  of  saliva 
was  placed  in  a  known  amount  of  beef  broth.  One-tenth  cc.  of  this  mixture  w’as 
plated.  Group  A  (column  1)  is  made  up  of  those  specimens  treated  in  the  manner 
originally  intended  for  use  in  our  Caries  Control  Laboratory'.  The  specimens 
were  shaken  by  hand  for  3  minutes.  Dilution  w'as  made,  and  saliva  and  diluent 
mixed  by  drawing  in  and  out  of  the  pipet  at  least  10  times.  Group  B  specimens 
were  shaken  on  an  amalgam  mixer  (Wig-L-Bug)  for  1  minute.  Broth  and  saliva 

*  Jay’s  classes  are  as  follows:  ±  —  0-1000;  +  —  1000-5000;  -f-f  “  5000-10,000;  -l--f-|-  ■■ 
10,000-50,000;  -  over  50,000. 
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TABLE  I 


Effect*  of  different  methods  of  mixing  on  reproducibility  of  counts 


UETHOD 

NO. 

PLATES 

%  or  PLATES 
WITHIN 
±1  ICEAN 

SANGE 

%  WITHIN 
± 

CLASS 

%  WITHIN 
+ 

CLASS 

%  WITHIN 

-t-t- 

CLASS 

%  WITHIN 

CLASS 

%  WITHIN 

++-1-4- 

CLASS 

10 

100 

12,700-  27,100 

M 

100 

19 

75 

5,100-  31,400 

70 

9 

100 

1,300-  2,700 

100 

26 

81 

750-  6,700 

8 

88 

27 

41 

6,000-249,000 

55 

31 

13 

92 

15,650-  51,700 

■I 

92 

8 

10 

90 

3,990-  13,680 

30 

60 

10 

10 

90 

6,460-  19,570 

70 

30 

5 

100 

10,450-  16,680 

ICO 

B 

6 

83 

7,220-  19,950 

50 

50 

8 

13 

350-  7,800 

87 

13 

9 

33 

1,200-  20,600 

78 

22 

8 

88 

4,100-  12,600 

13 

62 

25 

10 

50 

950-  5,320 

10 

80 

10 

9 

77 

5,700-  18,620 

45 

55 

6 

100 

14,630-  21,390 

100 

C 

6 

100 

8,930-  16,340 

17 

83 

10 

30 

0-  550 

100 

10 

100 

6,200-  15,100 

30 

70 

9 

78 

4,000-  17,300 

45 

33 

22 

8 

62 

190-  1,900 

62 

38 

D 

8 

100 

3,300-  6,300 

25 

75 

10 

100 

45,600-  74,860 

30 

70 

10 

80 

2,280-  9,690 

50 

50 

F 

9 

66 

800-  8,300 

11 

55 

34 

10 

100 

17,200-  37,000 

100 

10 

70 

15,2C0-f-|--f-f-* 

70 

30 

G 

8 

12 

1,100-  23,100 

63 

12 

25 

10 

50 

40,300-181,700 

10 

90 

8 

50 

200-  8,700 

12 

76 

12 

H 

8 

100 

78,000-  96,000 

100 

9 

44 

2,850-  64,690 

33 

22 

33 

12 

T 

8 

75 

380-  2,470 

62 

38 

9 

22 

1,330-  45,810 

55 

22 

23 

I 

8 

75 

380-  2,850 

38 

62 

9 

77 

1,710-  8,360 

77 

23 

*  ImpoBsible  to  count  accurately. 


were  mixed  by  drawing  in  and  out  of  the  pipet.  Group  C  specimens  were  beaten 
on  the  high  speed  stirrer  with  beater  1  for  2  minutes.  Saliva  and  diluent  were 
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mixed  by  drawing  in  and  out  of  the  pipet.  Group  D  specimens  were  beaten  with 
beater  %  1,  and  the  saliva  and  diluent  were  mixed  by  placing  a  sterile  rubber 
stopper  in  the  test  tube  and  shaking  vigorously  by  hand  for  3  minutes.  Group 
E  specimens  were  beaten  with  beater  ^  2  for  2  minutes,  and  saliva  and  diluent 
mixed  with  pipet.  Group  F  specimens  were  beaten  with  beater  %  2,  and  saliva 
and  diluent  mixed  by  shaking.  Group  G  specimens  were  beaten  with  beater 

TABLE  II 


Effects  of  different  diluents  on  reproducibility  of  counts 


METHOD 

NO. 

PLATES 

%OrPLATZS 

WITHIN 

ICEAN 

KANGE 

%  WITHIN 

CXASS 

%  WITHIN 
+ 

CLASS 

%  WITHIN 
-^+ 
CLASS 

%  WITHIN 

-H-l- 

CLASS 

%  WITHIN 
+++->- 
CLASS 

8 

75 

500-  1,800 

25 

75 

8 

37 

500-++* 

25 

37 

38 

K 

8 

100 

96,000-120,000 

100 

8 

100 

96,000-120,000 

100 

8 

100 

1,400-  2,500 

100 

8 

100 

2,100-  3,700 

100 

8 

75 

72,000-276,000 

100 

L 

7 

100 

96,000-144,000 

100 

8 

87 

15,600-++++* 

87 

13 

8 

100 

336,000-588,000 

100 

7 

100 

336,000-444,000 

100 

8 

87 

8,000-  15,000 

100 

M 

6 

*  100 

6,000-  12,400 

67 

33 

8 

100 

10,900-  20,400 

100 

8 

100 

7,000-  15,500 

37 

63 

7 

100 

700-  1,700 

43 

57 

8 

100 

264,000-408,000 

100 

8 

100 

276,000-360,000 

100 

N 

7 

57 

1,000-  4,600 

100 

8 

50 

800-  6,700 

12 

63 

25 

8 

100 

46,800-  58,000 

50 

50 

8 

87 

27,400-  90,400 

63 

37 

0 

8 

75 

26,400-++++* 

63 

37 

8 

50 

600-  4,700 

25 

75 

6 

83 

1,100-  2,500 

100 

*  Impossible  to  count  accurately. 


M  3,  and  saliva  and  diluent  mixed  with  a  pipet.  Group  H  specimens  were  beaten 
with  beater  #  3,  and  saliva  and  diluent  mixed  by  shaking.  Group  I  specimens 
were  shaken  on  a  Kahn  tube  shaker  for  10  minutes,  and  saliva  and  diluent  mixed 
with  a  pipet.  Group  J  specimens  were  shaken  on  a  Kahn  tube  shaker  for  10 
minutes,  and  saliva  and  diluent  mixed  by  shaking. 

It  is  shown  from  the  data  in  table  I  that  none  of  these  methods  of  mixing  the 
saliva  specimens  produced  satisfactory  r^uction  of  range  in  all  series.  It  is  also 
apparent  that  results  obtained  when  the  saliva  and  diluent  were  mixed  by  shaking 
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by  hand  (D,  F,  H,  J)  were  as  variable  as  when  the  mixing  was  done  by  drawing 
the  fluid  in  and  out  of  a  pipet  (A,  B,  C,  E,  G,  I). 

Of  the  39  series  of  plates  made,  using  various  methods  of  mixing  the  original 
sample  and  using  beef  broth  as  a  diluent,  26%  (10  series)  had  100%  of  the  plates 
\\dthin  the  range  of  the  mean.  Twenty-eight  percent  (11  series)  had  50% 
or  less  of  the  plates  within  the  mean. 

Table  II  shows  the  results  of  removing  a  larger  portion  of  saliva  from  the  orig¬ 
inal  sample,  and  making  2  dilutions  of  the  original  specimen,  and  of  varying  the 
diluent.  Each  specimen  was  first  shaken  for  5  minutes  on  a  Kahn  tube  shaker 
and  then  5  cc.  of  it  were  removed  to  5  cc.  of  the  first  diluent.  This  was  done  be¬ 
cause  removing  5  cc.  from  the  original  specimen  should  give  a  more  accurate 
sample  than  removing  the  1  cc.  previously  used,  assuming  clumping  of  the  bac¬ 
teria  in  the  saliva.  This  10  cc.  mixture  was  then  beaten  for  2  minutes  on  the  high 
speed  stirrer,  with  the  purpose  of  breaking  up  clumps  of  organisms  if  possible. 
One  cc.  of  the  mixture  was  then  placed  in  a  known  amount  of  the  second  diluent, 
a  sterile  stopper  placed  in  the  test  tube,  and  the  tube  shaken  vigorously  by  hand 
for  3  minutes.  One-tenth  cc.  was  then  plated.  Fluid  agar  was  used  as  the  first 
diluent  in  some  series  because  of  its  viscosity.  In  other  series,  normal  saline  or 
distilled  water  was  used.  The  second  diluents  were  beef  broth,  normal  saline, 
fluid  agar  or  distilled  water.  A  different  second  dilution  from  the  single  first 
dilution  was  made  for  each  plate.  The  first  dilution  was  beaten  with  the  hi^ 
speed  stirrer  before  removing  1  cc.  for  each  second  dilution.  Group  K  specimens 
were  diluted  first  with  fluid  agar,  and  second  with  beef  broth.  Group  L  speci¬ 
mens  were  diluted  first  with  fluid  agar,  and  second  with  normal  saline.  Group 
M  specimens  were  diluted  first  with  normal  saline,  and  second  with  normal  saline. 
Group  O  specimens  were  diluted  first  with  distilled  water,  and  second  with  dis¬ 
tilled  water. 

Here  are  seen  the  results  of  removing  a  larger  portion  of  the  original  sample  to 
a  diluent,  and  then  making  a  second  dilution  from  this.  Of  the  25  series  made, 
56%  (14  series)  had  100%  of  the  plates  within  the  range  the  mean.  Twelve 
percent  of  the  series  (3  series)  had  50%  or  less  of  the  plates  within  the  range 
the  mean. 

If  the  16  series  of  plates  in  which  fluid  agar  was  used  as  a  first  diluent,  (K,  L, 
M)  are  considered  as  a  group,  69%  (11  of  16)  had  100%  of  the  plates  within  the 
range  of  ±  |  the  mean.  Only  6%  (1  of  16)  had  50%  or  less  of  the  plates  within 
this  range. 


DISCUSSION 

The  wide  variations  in  counts  obtained  when  a  series  of  plates  is  made  from 
a  single  saliva  specimen,  added  to  the  admitted  lack  of  uniformity  in  collecting 
the  specimens,  may  raise  doubt  as  to  the  value  of  coimts  of  lactobacilli  in  saliva 
as  a  test  for  caries  activity. 

To  obtain  a  picture  of  the  lactobacillus  counts  of  an  individual  over  a  period  of 
time,  graphs  were  made  to  show  the  various  series  grouped  according  to  the  in¬ 
dividuals  from  whom  they  were  taken.  Along  the  lower  border  of  figs.  1-4,  the 
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letters  indicate  the  manner  of  treating  each  sample,  and  the  figures  indicate  the 
date  the  specimen  was  collected.  The  numerals  along  the  ordinate  represent  the 
estimated  number,  in  thousands,  of  lactobacilli  per  cc.  of  saliva  as  shown  by  the 
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count  of  colonies  on  each  plate.  Jay’s  grouping  into  classes  is  indicated  along 
the  ordinate  on  the  right  side  of  the  figure.  The  samples  were  not  collected  at  the 
same  time  each  day.  Some  of  the  differences  in  counts  from  different  specimens 


may  be  due  to  this  fact.  The  time  of  collection  is  indicated  along  the  top  of  the 
graph. 

Cooperator  DP  {Jig.  1)  had  counts  fairly  consistent  in  ranges  ++  and  +  +  + 
for  May  and  July;  fell  to  ±  and  +  for  August,  and  rose,  according  to  a  single 
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sample,  to  +  +  +  in  October.  Cooperator  PK  (Jig.  2)  remained  ±  and  + ,  and 
eventually  dropped  to  a  consistent  negative  and  was  discontinued  for  this  in¬ 
vestigation.  Cooperator  HR  (fig.  S),  during  June  and  July,  had  a  number  of  plates 


in  the  -}-  +  +  range,  and  later  dropped  to  ±  and  -f  in  August,  with  the  exception 
of  a  rise  in  a  single  specimen  in  August  to  -f-  -+-  +  + .  Cooperator  SS  (fig.  4)  had 
plates  conspicuously  spread  over  the  entire  graph,  but  showed  a  large  number  in 
the  ranges  -h  +  +  and  +  -f  4-  + .  However,  the  samples  taken  on  7/19  and  8/8 
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considered  alone,  would  indicate  much  lower  counts  than  the  others.  Coopera¬ 
tor  JM  (fig.  6)  had  +  +  and  +  +  +  counts  for  8/21  and  8/22,  and  then  the  counts 


Fig.  5 


rose  to  a  point  so  high  that  the  colonies  could  not  be  accurately  counted  on  some 
plates  with  the  dilution  used.  An  X  at  the  180,000  mark  on  any  graph  indicates 
a  plate  bearing  colonies  too  numerous  for  accurate  count.  In  all  cases,  this  num¬ 
ber  would  be  above  200,000. 


t 


LACTOBACILLUS  COUNT  VARIATIONS:  SINGLE  SALIVA  SPECIMEN  485 

The  range  of  variations  of  plate  counts  on  a  single  specimen  is  brought  out 
clearly  by  the  graphs,  and  demonstrates  what  misconceptions  can  arise  from 
counting  a  single  plate,  or  a  small  number  of  plates  from  a  single  specimen.  The 
apparent  lack  of  correlation  between  the  color  method  of  Snyder,  and  Jay’s 
colony  count  (16)  may  be  accounted  for  on  this  basis. 

CONCLUSIONS 

No  method  of  shaking  or  beating  the  original  saliva  specimen  before  removing 
1  cc.  to  beef  broth  diluent  produced  plate  counts  with  a  relatively  narrow  range  in 
all  series.  When  the  variation  in  each  series  of  plates  was  measured  by  com¬ 
puting  the  number  of  plates  of  the  series  which  had  counts  within  the  range  of 
the  mean  for  that  series,  it  was  found  that: 

26%  of  the  series  had  100%  of  the  plates  within  the  range  the  mean. 

28%  of  the  series  had  50%  or  less  of  the  plates  within  the  mean.  Shaking 
the  saliva  and  diluent  by  hand  gave  no  more  consistent  results  than  mixing  with 
a  pipet. 

Results  were  more  consistent  in  those  series  where  the  original  sample  was 
shaken  and  5  cc.  removed  to  5  cc.  of  fluid  agar  for  the  first  dilution.  This  mixture 
was  beaten  with  the  high  speed  stirrer,  and  a  second  dilution  made.  Varying  the 
second  diluent  did  not  improve  the  results.  Computations  show  that  by  this 
method: 

69%  of  the  series  had  100%  of  the  plates  within  the  range  ±|  the  mean. 

6%  of  the  series  had  50%  or  less  of  the  plates  within  the  mean.  With  any 
method  used,  some  unsatisfactory  results  were  obtained. 

Graphs  for  each  cooperator  of  series  of  plates  made  at  intervals  over  a  period 
of  time  show  that  general  trends  exist,  and  that  an  individual  can  be  diagnosed  as 
having  low  or  high  caries  activity  according  to  the  classification  of  Jay.  How¬ 
ever,  consideration  of  a  small  number  of  single  counts,  or  a  small  number  of  series 
of  counts,  can  lead  to  erroneous  conclusions. 

SUMMARY 

Series  of  plates,  each  made  from  single  specimens  of  saliva,  with  extreme  care 
in  measurement,  gave  colony  counts  which  varied  over  wide  ranges.  Different 
methods  of  mixing  the  original  specimens  were  employed  in  an  effort  to  secure 
better  distribution  of  the  organisms.  Hand  shaking,  an  amalgam  mixer,  a  Kahn 
tube  shaker,  and  3  t3T)es  of  beaters  were  used.  None  of  these  increased  the  uni¬ 
formity  of  counts.  More  consistent  results  were  obtained  when  5  cc.  of  the  orig¬ 
inal  specimen  were  placed  in  an  equal  amount  of  fluid  agar  and  beaten  before  a 
second  dilution  was  made  and  the  specimen  plated.  All  methods  used  gave  some 
series  showing  wide  variations. 

The  assemblage  of  the  data  from  each  cooperator  emphasized  the  wide  range 
of  counts  obtainable  from  a  single  specimen.  It  is  obvious  that,  while  trends  are 
apparent  in  the  lactobacillus  counts  of  individuals,  conclusions  as  to  hourly  or 
daily  fluctuations  are  unjustified  when  based  on  single  counts  or  series  of  counts 
such  as  used  in  this  study. 
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SALIVA  INCUBATED  WITH  GLUCOSE  AS  A  REPLACEMENT  FOR 
TRYPTOPHANE  IN  A  SYNTHETIC  MEDIUM  SUPPORTING  THE 
PRODUCTION  OF  ACID  BY  LACTOBACILLUS  ACIDOPHILUS^ 

DAVID  WEISBERGER,  D.M.D.,  M.D. 

Harvard  School  of  Dental  Mediciru,  Boston,  Mass. 

An  oral  strain  of  Lactobacillus  acidophilus  has  been  grown  upon  a  synthetic 
medium  in  which  human  saliva  hydrolyzed  by  acid  or  alkali  had  been  substi¬ 
tuted  for  a  casein  hydrolyzate  (1).  It  did  not  grow  satisfactorily  when  un¬ 
hydrolyzed  saliva  concentrated  as  much  as  7  fold  was  used  as  the  substitute  (2). 
These  observations  indicated  that  whole  saliva  is  a  potential  source  of  the  major 
nutrients,  presumably  the  amino  acids,  present  in  the  casein  hydrolyzate.  Con¬ 
sequently  it  became  of  interest  to  determine  whether  or  not  mechanisms  exist  in 
saliva  itself  whereby  amino  acids  may  be  set  free  from  proteins  and  whether  these 
can  be  made  available  for  supporting  bacterial  growth.  Observations  made 
during  the  investigation  of  these  problems  are  reported  here. 

In  the  first  section  of  this  study  whole  saliva  just  as  collected  was  incubated 
for  various  periods  without  further  treatment  and  then  substituted  for  (a)  the 
added  tryptophane  of  (b)  the  casein  hydrolyzate  of  the  basic  medium.  Observa¬ 
tions  upon  the  quantity  of  acid  set  free  during  the  growth  of  the  test  organism  in 
the  media  with  such  substitutions  were  made.  In  another  series  of  experiments 
the  saliva  was  incubated  with  glucose  before  being  added  to  the  test  media. 
Then  portions  of  saliva  so  treated  and  incubated  were  used  as  replacements  in  the 
synthetic  media.  The  amount  of  acid  produced  was  significantly  larger  in  the 
second  series.  The  experimental  procedures  and  data  follow. 

EXPERIMENTAL 

Saliva  Treatment.  Saliva  was  collected  from  10  normal  persons.  Paraffin  was 
chewed  to  stimulate  the  secretion  of  the  fluid.  The  specimens  whose  volumes 
totaled  225  ml.  were  pooled  without  further  treatment  for  the  experiments  of  the 
first  series.  Aliquots  were  withdrawn  for  a  replacement  test  experiment  and  for 
chemical  analyses.  The  remainder  was  incubated  at  37.5“C.,  for  192  hours. 
At  the  intervals  shown  in  the  tables  additional  aliquots  were  withdrawn  for  other 
replacement  tests.  In  the  second  series  a  similar  quantity  of  pooled  saliva  was 
mixed  with  sin  autoclaved  solution  of  glucose  sufficient  to  produce  a  1%  concen¬ 
tration  of  the  sugar.  Aliquots  of  the  saliva  containing  glucose  were  taken  and 
treated  in  a  manner  similar  to  that  described  for  the  first  series. 

Methods. — Saliva,  whose  secretion  was  stimulated  by  chewing  paraffin  wax  was 
collected  from  10  individuals.  The  samples  were  pooled.  A  225  ml.  aliquot  of 
the  pooled  saliva  was  incubated  at  37.5®C.  for  a  total  of  192  hours.  Samples  of 

'  Received  for  publication  July  25, 1946. 
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the  saliva  were  withdrawn  for  the  replacement  experiments  at  the  beginning  of 
the  incubation  and  at  various  intervals  thereafter  (see  tables). 

Media. — The  media  were  prepared  in  accordance  with  procedures  described 
previously  (2).^  The  basic  medium  contained  all  substances  essential  for  the 
growth  of  the  organism.  In  preparing  some  lots  either  (a)  tryptophane  or  (b) 
casein  hydrolyzate  or  (c)  both  constituents  were  omitted  in  order  that  substitu¬ 
tion  of  incubated  saliva  might  be  made.  In  arranging  these  substitutions  5  ml. 
of  a  double  strength  medium  having  appropriate  omission  was  placed  in  a  tube. 
Then  3  ml.  of  the  saliva  being  tested  was  added,  the  pH  was  adjusted  to  6.8  and 
the  volume  was  made  up  to  10  ml.  with  distilled  water.  The  tubes  were  plugged 
and  autoclaved  at  10  pounds  pressure  for  10  minutes. 

Tests  for  Growth.  The  test  micro-organism  was  Lactobacillus  acidophilus 
strain  333.  The  nutritional  requirements  of  this  organism  have  been  described 
previously  (3).  Duplicate  tubes  were  inoculated  with  0.1  ml.  of  a  suspension  of 
the  lactobacillus.  The  tubes  were  then  incubated  for  72  hours  at  37.5®C.  when 
the  acid  formed  was  titrated  with  the  Coleman  electrometer  to  pH  6.8. 

RESULTS 

When  tryptophane  was  omitted  from  the  basic  medium  and  replaced  with 
freshly  collected  saliva  and  the  mixture  incubated  with  Lactobacillus  acidophilus 
no  significant  production  of  acid  occurred.  When  the  replacement  was  saliva 
which  had  been  incubated  at  37.5®C.  for  some  hours  there  was  some  production 
of  acid.  This  quantity  was  larger  with  saliva  incubated  for  24  hours  and  declined 
somewhat  with  that  which  was  incubated  for  192  hours.  Similar  observations 
were  obtained  when  saliva  was  used  as  a  replacement  for  casein  hydrolyzate  only 
or  for  tryptophane  plus  casein  hydrolyzate.  Data  for  experiments  in  this  series 
are  recorded  in  Table  I. 

The  data  obtained  when  saliva  which  had  been  incubated  wiih  glucose  was 
substituted  for  (a)  tryptophane,  (b)  casein  hydrolyzate  or  (c)  for  both  are  re¬ 
corded  in  Table  II.  These  observations  show  that  saliva  incubated  with  glucose 
is  a  very  satisfactory  replacement  for  the  trjrptophane  of  the  synthetic  medium. 
It  was  much  less  effective  as  a  substitute  for  casein  hydrolyzate,  though  con¬ 
siderably  more  efl&cient  than  saliva  which  had  been  incubated  without  sugar 
present.  When  both  casein  hydrolyzate  and  tryptophane  were  omitted  from 
the  medium  and  replaced  by  saliva  incubated  with  glucose  the  amount  of  acid 
produced  by  the  organism  was  approximately  the  same  as  when  only  the  casein 
hydrolyzate  was  omitted. 

We  have  shown  previously  (1)  that  saliva  hydrolyzed  with  alkali  can  be  sub¬ 
stituted  for  tryptophane  in  a  synthetic  medium.  The  data  of  Table  I  and  II 
provide  convincing  evidence  that  this  amino  acid  is  likewise  made  available  by 
incubating  saliva  with  glucose  and  is  not  available  in  saliva  incubated  alone.  In  a 
subsequent  communication  we  will  present  additional  evidence  in  which  a  pro¬ 
cedure  totally  different  is  used  to  demonstrate  that  free  amino  acids  increase  in 
quantity  during  incubation  with  glucose.  When  glucose  is  not  added  the  free 
amino  acids  decrease  in  concentration. 


TABLE  I 

Acid  produced  in  basic  medium  in  which  incubated  saliva  (JS.0  ml.)  was  substituted  for 
certain  essential  growth  factors* 

HEDIUM 

ESSENTIAL  SUBSTANCES 

PEBIOD  or  INCUBA- 

ACID 

OMITTED 

REPLACEMENT 

PRODUCED 

Basic  synthetic  mediumf . 

None 

krs. 

No  saliva 

m2. 

5.90t 

Basic  medium  with  omissions . 

Tryptophane 

replacement 

0 

0.00 

Basic  medium  with  omissions . 

Tryptophane 

24 

0.40 

Basic  medium  with  omissions . 

Tryptophane 

192 

0.18 

Basic  medium  with  omissions . 

Casein  Hydrolysate 

0 

0.00 

Basic  medium  with  omissions . 

Casein  Hydrolysate 

24 

0.27 

Basic  medium  with  omissions . 

Casein  Hydrolysate 

192 

0.06 

Basic  medium  with  omissions . 

Tryptophane  plus 

0 

0.00 

Basic  medium  with  omissions . 

Casein  Hydrolysate 
Tryptophane  plus 

24 

0.17 

Basic  medium  with  omissions . 

Casein  Hydrolysate 
Tryptophane  plus 

192 

0.00 

Basic  synthetic  medium . 

Casein  Hydrolysate 
None 

192 

5.62§ 

*  All  media  inoculated  with  0.1  ml.  of  suspension  of  Lactobacillus  strain  333. 

t  See  reference  (3). 
t  Control  for  growth  of  organism. 

§  Control  for  inhibition  by  incubated  saliva. 

TABLE  II 

Acid  produced  in  basic  medium  in  which  incubated  saliva  plus  glucose  (3.0  ml.)  was 

substituted  for  certain  essential  growth  factors* 

MEDIUM 

ESSENTIAL  SUBSTANCES 
OMITTED 

PERIOD  OF  INCUBA¬ 
TION  OF  SALIVA 
REPLACEMENT 

Aao 

PRODUCED 

krs. 

mi. 

Basic  synthetic  mediumf . 

None 

No  saliva 

5.90t 

Basic  medium  with  omissions . 

Tryptophane 

present 

0 

0.00 

Basic  medium  with  omissions . 

Tryptophane 

24 

3.46 

Basic  medium  with  omissions . 

Tryptophane 

192 

5.00 

Basic  medium  with  omissions . 

Casein  Hydrolysate 

0 

0.00 

Basic  medium  with  omissions . 

Casein  Hydrolysate 

24 

0.74 

Basic  medium  with  omissions . 

Casein  Hydrolysate 

192 

1.05 

Basic  medium  with  omissions . 

Tryptophane  plus 

0 

0.00 

Basic  medium  with  omissions . 

Casein  Hydrolysate 
Tryptophane  plus 

24 

0.51 

Basic  medium  with  omissions . 

Casein  Hydrolysate 
Tryptophane  plus 

192 

1.11 

Basic  synthetic  mediiun . 

Casein  Hydrolysate 
None 

192 

5.72§ 

*  All  media  inoculated  with  0.1  ml.  of  suspension  of  Lactobacillus  strain  333. 
t  See  reference  (3). 
t  Control  for  growth  of  organism. 

§  Control  for  inhibition  by  incubated  saliva. 
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The  data  of  Table  II  show  that  saliva  incubated  with  added  glucose  did  not 
function  as  a  complete  replacement  for  the  casein  hydrolyzate  of  the  synthetic 
medium,  but  did  substitute  satisfactorily  for  tryptophane.  This  observation 
may  be  interpreted  as  an  indication  (a)  that  some  of  the  amino  acids  contained  in 
the  casein  hydrolyzate  were  not  liberated  as  readily  during  the  incubation  of 
saliva  with  sugar  as  was  tryptophane,  or  (b)  that  the  quantity  of  the  other  amino 
acids  available  in  the  incubated  saliva  was  not  sufficient  for  the  needs  of  the  grow¬ 
ing  organism.  That  the  latter  alternative  may  be  the  correct  one  is  supported 
by  the  observation  that  the  3  ml.  of  incubated  (with  glucose)  saliva  added  to  the 
test  medium  contained  only  0.35  mg.  of  free  amino  acid  nitrogen  whereas  the 
casein  hydrolyzate  addition  supplied  3.7  mg.  of  amino  acid  nitrogen  to  the 
medium. 

SUMMARY 

1.  Human  saliva  incubated  with  glucose  at  37.5®  C.  for  24  or  more  hours  may 
be  substituted  for  the  added  tr3rptophane  in  a  synthetic  medium  which  promotes 
the  production  of  acid  by  Lactobacillus  acidophilus. 

2.  Saliva  incubated  without  added  glucose  caused  only  a  minimal  increase  in 
the  production  of  acid. 

3.  When  saliva  incubated  with  glucose  was  substituted  for  casein  hydrolyzate 
in  the  synthetic  medium  acid  production  occurred  but  the  quantity  was  only 
about  one-fifth  that  obtained  in  the  presence  of  the  casein  hydrolyzate. 

The  author  wishes  to  express  his  appreciation  to  Dr.  Harry  C.  Trimble,  Department 
of  Biological  Chemistry,  Harvard  Medical  School,  for  his  valuable  criticism  and  assist¬ 
ance  in  the  preparation  of  this  paper. 
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CHANGES  OF  “CARBOXYL-CO,”  AND  OF  AMMONIA  PLUS-UREA 
NITROGEN  IN  SALIVA  INCUBATED  WITH  GLUCOSE^ 

DAVID  WEISBERGER,  D.MJ).,  M.D. 

Harvard  School  of  Dental  Medicine,  Boeton,  Mass. 

In  1911  Ruhemann  (1)  observed  that  ninhydrin  (triketohydrindene  hydrate) 
reacted  with  amino  acids  to  produce  carbon  dioxide,  ammonia  and  aldehydes. 
Recently  Van  Slyke  and  Dillon  (2)  and  Van  Slyke,  Dillon,  MacFadyen  and 
and  Hamilton  (3)  have  reported  that  a-amino  acids,  when  boiled  in  water  with  an 
excess  of  the  reagent,  evolve  the  COi  of  their  carboxyl  groups  quantitatively  in  a 
few  minutes.  Van  Slyke,  Dillon,  MacFadyen  and  Hamilton  have  shown  “that 
the  reaction  is  specific  for  free  amino  acids  in  that  it  requires  the  presence,  in  the 
free,  imconjugated  state,  of  both  carboxyl  and  the  neighboring  NH*  or  the  NH — 
CHj  group.”  They  have  stated  that  the  ninhydrin-COi  reaction  serves  to  dif¬ 
ferentiate  free  amino  acids  from  peptides  more  sharply  than  is  possible  by  any  of 
the  methods  previously  used  for  measurement  of  free  amino  or  free  carboxyl 
groups  independently  of  the  presence  of  the  other. 

Since  the  CO*  evolved  from  free  amino  acids  by  the  ninhydrin  reaction  can  be 
measured  rapidly  and  quantitatively  in  the  manometric  apparatus  of  Van  Slyke 
and  Neill  (4)  we  have  used  the  ninhydrin  reaction  to  study  the  extent  to  which 
amino  acids  may  be  set  free  by  the  process  of  proteolysis  in  human  saliva  incu¬ 
bated  at  body  temperature  under  several  different  conditions.  These  data  were 
sought  because  observations  recorded  in  the  preceding  paper  of  this  series  had 
shown  that  saliva  incubated  with  glucose  was  capable  of  completely  replacing  the 
amino  acid  tryptophane  and  partially  replacing  casein  hydrolyzate  in  synthetic 
media  which  support  acid  production  by  LactohaciUus  acidophUtis.  It  was  hoped 
that  the  evidence  resting  upon  a  bacteriological  basis  for  the  occurrence  of  proteoly¬ 
sis  in  saliva  at  body  temperature  could  be  supported  by  experiments  of  a  purely 
chemical  nature.  This  expectation  has  been  realized  and  this  present  paper  is  a 
record  of  the  data  obtained. 

At  the  same  time  observations  upon  changes  in  ammonia-plus-urea  nitrogen 
content  of  incubating  saliva  have  been  made.  This  was  done  in  order  to  com¬ 
pare  the  effect  of  our  experimental  conditions  upon  the  process  of  deaminization. 

EXPERIMENTAL 

Saliva  collection  and  treatment. — Specimens  of  saliva  for  these  experiments  were 
collected  and  treated  in  the  manner  described  in  the  preceding  paper  (12). 

Chemical  methods. — Samples  of  saliva  were  analyzed  for  free  amino  acids  by  the 
gasometric  method  of  Van  Slyke,  Dillon,  MacFadyen  and  Hamilton  (3).  Am¬ 
monia-plus-urea  nitrogen  was  determined  by  the  hyjiobromite  method  of  Van 
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Slyke  (5).  Measurements  of  pH  were  made  with  the  glass  electrode  of  a  Cole¬ 
man  pH  electrometer.  Ammonia  nitrogen  was  measured  by  the  micro  aeration 
method  of  Van  Slyke  and  Cullen  (6).  Urea  nitrogen  was  determined  with  the  aid 
of  urease  by  the  method  of  Van  Slyke  and  Cullen  (6).  Amino  nitrogen  was  meas¬ 
ured  in  a  few  experiments  by  the  nitrous  acid  method  of  Van  Slyke  (7). 

RESULTS 

The  data  in  Table  I  are  typical  of  those  obtained  in  four  experiments  in  which 
saliva  as  obtained  from  human  mouths  was  incubated  at  37.5  C.  Under  this 
condition  the  quantity  of  ninhydrin-releasable  CO2  or  the  “carboxyl-COj”*  of  the 
incubated  saliva,  which  was  1.52  mg.  per  100  ml.  at  the  beginning,  declined  by 
approximately  one-third  during  the  first  24  hours.  Then  it  remained  at  approxi¬ 
mately  the  same  level  for  the  next  48  hours  when  another  drop  occurred.  At 
the  end  of  192  hours  the  level  existing  during  the  24  to  72  hour  interval  was  again 
approached.  Simultaneously  the  ammonia-plus-urea  nitrogen  increased.  In 

TABLE  I 


Changes  in  “ carhoxyl-COi’*  and  in  ammonia  (plus  urea)  nitrogen  of  incubating  saliva 


PERIOD  OF 
INCUBATION 

“CARBOXYL-COj" 

PRESENT 

AIDCONIA  (plus  UREA) 
NITROGEN 

1 

pH 

mg.  per  cent 

0 

20.9 

8.25 

24 

42.1 

7.26 

48 

1.08 

46.0 

7.36 

72 

1.02 

42.9 

7.50 

120 

0.42 

45.9 

7.47 

144 

0.67 

45.9 

192 

0.96 

45.9 

7.7 

the  first  24  hours  of  incubation  the  quantity  of  these  substances  present  approxi¬ 
mately  doubled.  There  was  an  additional  slight  increase  during  the  next  day 
after  which  the  quantity  remained  substantially  the  same  until  the  end  of  the 
incubation  period.  In  this  experiment  the  pH  declined  slightly  and  then  fluc¬ 
tuated  slightly  around  pH  7.5  during  the  remainder  of  the  experiment.  In  other 
experiments  beginning  at  a  less  alkaline  pH  the  initial  decrease  did  not  occur. 

The  data  of  Table  II  are  taken  from  an  experiment  in  which  an  autoclaved 
solution  of  glucose  sufficient  to  produce  a  concentration  of  the  sugar  of  about  1% 
was  added  to  saliva  before  the  incubation  began.  With  this  sugar  present  the 
quantity  of  ninhydrin-released  or  “carboxyl-C02”  increased  decisively  during  the 
first  24  hours.  Thereafter  it  continued  to  rise  until  the  incubation  had  been 
carried  on  for  approximately  120  hours  when  the  increase  was  more  than  150% 
of  the  initial  value.  In  another  experiment  the  amino  nitrogen  of  incubating 
saliva  was  measured  by  the  nitrous  acid  method  of  Van  Slyke  (7).  With  saliva 
only,  the  quantity  of  nitrogen  released  by  the  action  of  nitrous  acid  remained 
approximately  the  same  as  the  incubation  progressed.  In  another  test  made 

*  Terminology  of  Van  Slyke,  Dillon,  MacFadyen,  and  Hamilton  (3). 
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simultaneously  using  saliva  to  which  glucose  was  added  the  nitrogen  released  by 
the  nitrous  acid  increased  by  more  than  100%  as  the  incubation  progressed. 
Thus  these  experiments  with  the  2  types  of  reagents  capable  of  acting  upon  dif¬ 
ferent  parts  of  amino  acids  show  that  free  carboxyl  groups  and  primary  amino 
groups  both  increase  as  incubation  progressed  in  the  presence  of  glucose.  Since 
the  increases  in  quantity  of  the  2  groups  were  similar  there  is  reason  for  believing 
that  they  were  arising  from  the  same  source — the  amino  acids  being  set  free  by 
proteolysis  in  the  incubating  solution. 

In  the  experiment  shown  in  Table  II  the  ammonia-plus-urea  nitrogen  remained 
at  approximately  the  same  level  throughout  the  incubation  period,  while  the  pH 
decreased  considerably.  In  other  experiments  of  this  series  increases  in  the  am¬ 
monia-plus-urea  nitrogen  content  were  observed,  the  largest  however,  being  only 
about  15%.  In  contrast  the  increase  in  ammonia-plus-urea  nitrogen  when  glu" 
cose  was  not  added  to  saliva  was  200-300%.  Some  years  ago  Kendall  and 


TABLE  II 

Changes  in  “  carboxyl-COt”  and  in  ammonia  {plus  urea)  nitrogen  of  saliva  incubated 

vnth  added  glucose 


PEKIOD  OF 
INCUBATION 

“CABBOXYL-COl” 

PKESSNT 

ANNONIA  (plus  UBZA) 
NITBOCEN 

pH 

tnf.  per  cent 

mf.  per  cent 

' 

0 

1.52 

20.9 

8!25 

24 

2.63 

21.5 

4.15 

48 

3.11 

22.4 

3.90 

72 

3.83 

22.2 

3.82 

120 

4.07 

22.6 

3.68 

144 

4.08 

22.6 

192 

4.18 

18.5 

3.55 

Farmer  (8)  observed  that  bacteria  of  a  number  of  different  tjrpes  growing  in  cultures 
of  various  compositions  produced  more  ammonia  in  the  absence  of,  than  in  the 
presence  of,  glucose.  Our  findings  with  respect  to  glucose  are  of  a  similar  sort. 
Waksman  and  Lomanitz  (9)  later  showed  that  the  increased  production  of  am¬ 
monia  nitrogen  in  the  presence  of  glucose  was  greater  than  could  be  accounted  for 
by^the  increased  production  of  cell  nitrogen.  Stephenson  and  Gale  (10)  have 
demonstrated  that  glucose  has  no  effect  upon  the  metabolism  of  E.  coli  once  the 
cell  has  been  formed  but  the  action  must  be  upon  the  formation  of  the  bacterial 
enzymes  during  the  growth  of  the  organism. 

In  control  experiments  it  was  demonstrated  that  increasing  the  urea  nitrogen 
of  specimens  of  saliva  to  3  times  the  initial  value  produced  no  significant  increase 
in  the  quantity  of  “carboxyl-COj”  obtained.  In  this  we  are  in  accord  with  the 
observation  of  Van  Slyke,  Dillon,  MacFayden  and  Hamilton  (3).  They  foimd 
that  urea  in  the  amounts  present  in  blood,  which  is  several  times  the  concentration 
existing  in  our  experiments,  did  not  interfere  when  amino  acids  were  to  be  meas¬ 
ured  by  the  ninhydrin-C02  method.  In  other  control  experiments  in  which 
saliva  was  incubated  alone  and  also  with  glucose  for  48  hours  the  measurements 


494 


DAVID  WEISBERGER 


of  the  urea  nitrogen  and  ammonia  nitrogen  were  made  separately.  In  these 
tests  the  urea  nitrogen  remained  substantially  the  same  throughout  the  experi¬ 
ment.  Therefore  all  changes  of  ammonia-plus-urea  nitrogen  in  Table  I  and  II 
are  to  be  taken  as  indications  of  changes  in  the  ammonia  content  primarily. 

Together  the  data  of  Table  I  and  II  indicate  that  the  presence  of  glucose  in 
incubating  saliva  promotes  the  liberation  of  amino  acids  (proteolysis)  from  sub¬ 
stances  which  contain  them  in  a  combined  form  while  deaminization  reactions 
are  very  definitely  decreased  in  rate  if  they  were  not  actually  halted.  On  the 
other  hand  when  saliva  is  incubated  without  added  glucose  deaminization  reac¬ 
tions  are  favored. 

Since  deaminization  reactions  can  set  free  only  1  mole  of  ammonia  from  1  mole 
of  most  of  the  amino  acids  and  since  ninhydrin  releases  only  1  mole  of  COj  from 
1  mole  of  amino  acids,  other  than  aspartic  (3),  it  is  possible  to  use  the  data  of 
Table  I  as  indications  of  the  source  of  the  ammonia.  In  that  table  it  is  shown 
that  the  increases  of  ammonia-plus-urea  nitrogen  are  a  number  of  times  greater 
than  the  available  “carboxyl-C02”  (liberated  only  from  substances  having 
a-amino  as  well  as  carboxyl  groups  free)  originally  present.  Therefore  it  is  evi¬ 
dent  that  the  increase  of  the  ammonia-plus-urea  nitrogen  observed  must  have  had 
its  eventual  source  in  the  compounds  other  than  free  amino  acids  originally 
present.  The  data  do  not  provide  evidence  that  proteolysis  had  actually  stopped 
during  the  incubation  of  saliva.  The  net  decline  in  the  “carboxyl-C02”  during 
the  experiment  could  have  occurred  if  the  rate  of  conversion  of  amino  acids  to 
ammonia  by  deaminization  was  slightly  greater  than  the  rate  of  the  liberation  of 
amino  acids  by  proteolysis. 

The  data  obtained  in  this  investigation  indicate  that  the  quantity  of  free  amino 
acids  available  in  specimens  of  human  saliva  is  quite  definitely  increased  when  the 
secretion  is  maintained  at  body  temperature  in  the  presence  of  glucose.  These 
data  of  purely  chemical  nature  support  our  previously  reported  findings  that 
saliva  is  capable  of  replacing  amino  acids  of  a  synthetic  medium  in  which  Lacto¬ 
bacillus  acidophilus  will  produce  acid  only  when  the  saliva  has  been  hydrolyzed  by 
acid  or  alkali  (11)  or  when  it  has  been  incubated  with  glucose  (12). 

SUMMARY 

1.  The  quantity  of  CO2  liberated  from  human  incubated  saliva  by  the  action 
of  ninhydrin  (designated  as  “carboxyl-C02”)  is  increased  approximately  100% 
when  glucose  is  added. 

2.  The  increase  in  “carboxyl-C02”  provides  evidence  of  a  chemical  nature  for 
the  liberation  of  additional  amino  acids  in  saliva  maintained  in  contact  with  glu¬ 
cose  at  body  temperature.  This  finding  points  toward  free  amino  acids  as  the 
constituents  of  saliva  incubated  with  glucose  which  enable  saliva  so  treated  to 
act  as  a  substitute  for  tryptophane  and  to  a  lesser  extent  for  other  amino  acids  of 
a  synthetic  bacteriological  medium. 

3.  The  quantity  of  ammonia-plus-urea  nitrogen  increased  from  200-400% 
when  human  saliva  was  incubated  by  itself  for  24-192  hours.  When  glucose  was 
added  to  the  saliva  the  increases  of  ammonia-plus-urea  nitrogen  observed  were 
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only  in  the  order  of  about  15%.  In  each  circumstance  the  increase  was  almost 
entirely  in  the  ammonia  fraction.  The  results  are  interpreted  as  evidence  that 
the  presence  of  glucose  in  saliva  favors  the  process  of  proteolysis  over  that  of 
deamination. 

The  author  wishes  to  express  his  appreciation  to  Dr.  Harry  C.  Trimble  of  the  Depart¬ 
ment  of  Biological  Chemistry,  Harvard  Medical  School,  for  valuable  criticisms  and  as¬ 
sistance  in  the  preparation  of  this  paper. 
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ARGININE-ARGINASE  RELATIONSHIP  IN  REGENERATION, 
REPAIR  AND  DEVELOPMENT  OF  NEOPLASMS 
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San  Francisco,  Cal. 

In  a  series  of  experiments  upon  tissue  cultures  arginine  and  various  substances 
containing  arginine  were  incorporated  in  the  media.  These  substances  were 
also  introduced  into  the  cellular  elements  by  the  use  of  the  micromanipulator. 
The  results  and  reactions  observed  from  these  procedures  seemed  to  warrant 
further  investigation.  Consequently  an  extensively  organized  series  of  experi¬ 
ments  have  been  instigated  and  are  now  being  carried  on  concerning  the  role 
of  arginine  and  the  enzyme  ai^inase  in  the  various  processes  of  regeneration, 
repair,  and  in  the  development  of  neoplasms.  The  experimental  evidence 
obtained  will  be  briefly  reported  and  discussed. 

RESUME  OF  EXPERIMENTAL  EVIDENCE 

Tissue  Culture 

Connective  tissue  from  the  mesenteries,  along  with  sections  of  parenchymal 
tissues  of  guinea  pig,  were  incubated  and  virile  colonies  selected  for  this  use. 
Incorporated  in  the  media  was  arginine  in  various  forms  including  guinea  pig 
sperm  and  spermatic  fluid,  the  protomine  of  which  has  an  87.4%  arginine 
content.  A  concurrent  experiment  included  the  use  of  thyroxin  in  the  media. 
It  was  observed  that  those  cells  under  the  influence  of  the  arginine-containing 
media  showed  excellent  growth  with  a  preponderance  of  cells  exhibiting  mitosis. 
The  controls  did  not  show  the  mitotic  figures.  Those  cultures  under  the  influence 
of  thyroxin  exhibited  larger  cells  and  comparatively  few  mitotic  figures.  In¬ 
corporation  of  spermatic  substance  into  the  cultures  resulted  in  growth  compar¬ 
able  to  that  in  cultures  with  pure  arginine. 

By  the  use  of  the  micromanipulator  both  arginine  and  sperm  were  introduced 
mto  the  nuclear  substance.  These  cells  became  smaller  than  those  not  so 
treated,  but  assumed  a  mitotic  nature,  growing  and  multiplying  independently 
(10). 

The  stimulative  effect  of  thyroxin  was  readily  observed  as  was  that  of  arginine, 
the  latter  being  estimated  to  be  approximately  twelve  times  that  of  the  thyroxin, 
based  upon  cellular  numbers.  The  areas  of  new  cells  resulting  from  thyroxin 
stimulation  were  considerably  larger. 

Animal  Experimentation 

Sixty  guinea  pigs  were  used,  30  of  which  were  used  as  controls.  Operative 

*  Received  for  publication  August  20, 1946. 
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procedures,  injections,  and  implants  in  all  of  the  various  types  of  tissues,  with 
controls  corresponding  to  these  procedures  maintained,  gave  ample  evidence 
that  arginine  would  and  did  produce  local  growths  and  nodules  with  many 
mitotic  figures  in  the  biopsies.  Introduction  of  spermatic  substances  in  ulcerous 
and  traumatically  abraided  areas  produced  nodular  growths  aroimd  the  periphery 
of  these  areas. 

A  new  series  of  experiments  to  investigate  the  effect  of  both  arginine  and  its 
ferment  arginase  with  the  mouse  as  the  animal  of  choice  have  been  under  way  for 
the  past  2  years.  Methods  are  being  devised  for  obtaining  arginase  in  varying 
degrees  of  purity  for  local  application  and  injection  (12).  Indications  are  that 
purity  is  not  of  paramount  importance,  if  one  of  the  divalent  activators  of  the 
enzyme  is  present.  It  has  been  observed  that  arginine  is  definitely  stimulative 
to  tissue  growth,  w’hile  its  ferment  has  the  opposite  effect. 

In  one  experiment,  20  white  mice  and  20  controls  were  used,  and  solutions  of 
various  strengths  of  arginase  were  injected  subcutaneously  and  intraperitoneally. 
The  systemic  effect  was  observable  in  a  corresponding  weight  curve.  This 
curve  indicated  that  the  effect  of  the  enzyme  was  quantitative.  The  local 
effect  was  such  that  dissolution  of  tissue  around  the  initial  lesion  was  also  quanti¬ 
tatively  relational  to  the  strength  and  quantity  of  the  enzyme  used. 

Just  w’hat  bearing  the  guanidine  content  of  the  amino-acid  “arginine”  has 
upon  the  observations  is  now'  under  investigation.  The  comparative  effects  of 
ai^nine,  arginase  and  guanidine  upon  embryonic  tissues  are  also  being  studied. 

DISCUSSION 

It  is  somew'hat  early  to  attempt  a  complete  discussion  of  the  results  of  these 
combined  and  inter-related  experiments.  How’ever,  evidence  is  accumulating 
(1,2)  and  reports  are  now'  appearing  in  the  literature  which  seem  to  substantiate 
these  findings  (8,  9)  to  the  point  where  an  hypothesis  can  well  be  formulated. 

Arginine-arginase  plays  a  definite  role  in  metabolism  of  local  repair  and  regen¬ 
eration.  This  can  well  be  regarded  as  one  of  the  positive  results  of  the  experi¬ 
ments.  The  physiology  of  this  seems  to  indicate  the  following  explanation: 

Arginine  stimulates  the  liver  to  produce  arginase  which  is  then  taken  up  and 
is  present  in  the  intercellular  substances  of  the  tissues  along  w'ith  its  substrate. 
A  condition  which  calls  for  regeneration  or' repair  releases  from  the  cells  the 
inhibitors  of  arginase,  leaving  the  arginine  free  to  act  directly  upon  the  cells 
involv'ed.  The  result  is  a  local  regeneration  or  cellular  multiplication.  .4s 
continuity  is  reestablished,  the  arginine-arginase  bond  is  again  resumed  with 
subsequent  inactivity  of  the  arginine  (3).  This  has  been  shown  experimentally 
to  be  a  truly  quantitative  reaction.  Under  conditions  of  trauma,  freed  arginine 
may  form  a  number  of  bonds  with  the  nucleic  acid  of  an  affected  cell  (5,  6). 
Continued  traumatic  stimulation,  or  that  of  morbid  physiology  is  the  stimulus 
that  activates  this  unit  toward  an  autonomous  growth  process  (11).  In  the 
event  of  hepatic  insufficiency,  arginase  may  not  be  produced  adequately  (4),  if 
at  all;  then  arginine  has  a  free  rein  in  its  activities  upon  cellular  substances 
and  organization. 
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Adrenalectomy  and  hypophysectomy  have  the  effect  of  decreasing  liver 
arginase.  Administration  of  pituitary  hormone  directly  increases  liver  arginase 
(7,  8).  This  apparently  places  the  arginine-arginase  action  imder  the  influence 
of  the  endocrine  system. 


SUMMARY 

1.  Arginine  plays  an  important  role  in  the  development  of  the  anlage  of 
embryonic  tissues.  (87.4%  of  protamine  of  sperm  is  arginine.) 

2.  There  is  an  arginine-nucleic  acid  relationship  that  may  remain  latent  until 
stimulated  into  activity,  resulting  in  autonomous  growth  or  regenerative  process. 

3.  Arginase,  produced  primarily  in  the  liver,  exists  in  the  tissues  in  combination 
with  arginine.  The  normal  metabolic  anabolism  is  regulated  by  this  combine, 
by  altering  the  balance  between  the  enzyme  and  its  substrate. 

4.  Arginine,  combining  with  nuclear  material  of  an  injured  cell  supplies  the 
same  nuclear  conditions  that  cause  the  autonomous  growth  of  the  fertilized 
o\Tim. 

5.  Hepatic  insufficiency  prevents  the  inhibition  of  arginine  stimulation. 

6.  Arginase-arginine  relationship  is  under  the  influence  of  the  hormonal 
system  of  the  body. 

7.  Arginine,  necessary  for  local  regenerative  processes,  must  be  furnished,  at 
least  in  part,  by  food  intake;  therefore,  nutritional  disturbances  may  also  be 
considered  a  source  of  enzyme-substrate  unbalance. 
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THE  SUPPORTING  TISSUES  OF  THE  TOOTH  IN  ACUTE 
SECONDARY  AGRANULOCYTOSIS  (ARSPHENAMIN 
NEUTROPENIA)! 

WILLIAM  H.  BAUER,  M.D.,  D.D.S. 

From  Department  of  Pathology,  St.  Louie  University,  School  of  Dentistry,  St.  Louis,  Mo. 

Of  all  the  lesions  produced  in  the  mucosa  of  the  oral  cavity  and  the  pharynx  by 
blood  dyscrasias,  the  most  marked  and  extended  are  those  associated  with  so- 
called  “agranulocytosis.”  The  gingiva,  tonsils  and  peritonsillar  areas  bear  most 
damage.  These  tissues  often  appear  involved  even  before  other  signs  of  the 
disease  become  obvious.  Since  the  disorder  shows,  among  other  features,  a 
decrease  rather  than  a  total  absence  of  polymorphonuclear  cells  the  term  “acute 
neutropenia”  has  been  suggested  as  more  appropriate. 

While  the  oral  manifestations  in  various  types  of  leukemias  were  micro¬ 
scopically  studied  in  the  past,  it  was  not  until  1933  that  the  first  microscopic 
examination  of  the  gingiva  and  jaw  lesions  in  a  case  of  arsphenamiu  “agranulo¬ 
cytosis”  which  came  to  autopsy  was  reported  by  the  author.  This  early  study 
dealt  mainly  with  the  description  of  the  changes  of  the  alveolar  bone.  This  dis¬ 
cussion  attempts  to  answer  the  question  why  the  agranulocytotic  lesions  appear 
mostly  in  the  marginal  gingivae  before  they  proceed  further.  The  cellular  re¬ 
action  in  the  gingiva  and  the  changes  in  the  jaw  bones  will  be  described  also. 

More  recent  elaborate  studies  by  Fitz-Hugh  and  Krumbhaar,  Jackson  and 
Parker,  and  especially,  Custer  emphasize  the  difference  between  idiopathic 
agranulocytosis  and  secondary  agranulocytosis,  which  is  the  result  of  a  particular 
hematologic  sensitivity  to  certain  drugs  or  microorganisms.  Though  the  clinical 
symptoms  of  the  2  types  are  alike  and  include  fever,  chills,  and  necrotizing  pro¬ 
cess  in  the  mucosa  of  the  mouth  and  throat  without  anemia  or  thrombocytopenia, 
Custer  maintained  that  the  bone  marrow  in  secondary  neutropenia  differs  from 
that  in  idiopathic  agranulocytosis.  Custer  examined  regenerating  marrow  and 
found  that  in  the  former  “granular  forms  in  the  neutrophil  series  predominate” 
while  the  latter  is  characterized  by  the  complete  failure  of  proliferating  myelo¬ 
blasts  to  mature  into  granular  neutrophils.  Agreeing  with  Fitz-Hugh  and 
Krumbhaar,  Custer  believed  that  the  absence  of  an  “intrinsic  factor”  prevents 
the  maturation.  The  nature  of  this  “intrinsic  factor”  is  unknoNvn.  Custer’s 
findings  and  conclusions  were  confirmed  by  the  clear-cut  study  of  Darling,  Parker 
and  Jackson.  The  clinical  picture  of  the  “idiopathic”  and  “secondary”  neutro¬ 
penia  is  supplemented  by  distinct  findings  in  the  bone'  marrow  such  as  an  in¬ 
creased  number  of  myeloblasts,  lymphocytes,  plasma  cells  and  marked  formation 
of  red  blood  cells. 

!  Presented  at  the  24th  General  Meeting  of  the  International  .\86ociation  for  Dental 
Research,  March,  1946  {J.  D.  Res.  24: 192, 1945).  Received  for  publication  .\ugust  5,  1946. 
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Although  the  authors  agree  on  the  above  mentioned  clinical  and  hematologic 
features,  no  uniformity  of  opinion  exists  as  to  the  commoness  of  bleeding.  Those 
who  denied  hemorrhagic  manifestations  in  “agranuloc5dosis”  (Jackson  and 
Parker,  Custer)  considered  hemorrhage  “strong  evidence  that  one  is  dealing  with 
some  form  of  acute  leukemia”  (Jackson  and  Parker).  Jackson  and  Parker  con¬ 
tended  that  “acute  leukemia  in  the  aleukemic  phase  very  closely  simulates 
agranulocytosis  and  the  two  diseases  are  not  infrequently  mistaken  one  for  the 
other.  In  fact,  for  the  present,  the  relationship  of  the  two  conditions  must  be 
regarded  as  problematical.” 

Reznikoff  recognized  bleeding  only  “as  a  result  of  vascular  involvement  by  a 
necrotic  lesion.”  However,  Roberts  and  Kracke  pointed  out  that  it  is  “rare  to 
see  a  case  (of  agranulocytosis)  in  which  there  is  not  some  manifestation  of  the 
hemorrhagic  trend,”  and  “no  hemorrhages  may  be  seen  during  life  and  yet 
necropsy  may  reveal  many.”  I^racke  and  Carver  also  reported  hemorrhages  in 
agranuloc5dosis.  Recently  Rosenbach  studied  the  agranuloc3dotic  changes  of 
the  gastrointestinal  mucosa  and  described  congested  vessels,  edema  and 
hemorrhages. 

Though  bleedings  do  not,  as  some  authors  state,  fit  the  picture  of  agranulo¬ 
cytosis,  2  of  the  3  cases  studied  by  the  author  showed  microscopically,  but  not 
grossly,  hemorrhages  in  the  gingiva  and  the  superficial  bone  marrow  of  the 
jaws. 

OBSERVATIONS 

The  clinical  and  hematologic  findings  ascertained  the  diagnosis  of  arsphenamin 
agranulocytosis.  The  2  females,  24  and  28  years  of  age,  succumbed  within  4  and 
10  days  while  the  third  individual,  a  male  of  26  years  died  after  about  2  months. 
All  3  had  received  neoarsphenamin  for  antisyphilitic  treatment  and  each  de¬ 
veloped  gangrenous  gingivitis  and  stomatitis.  These  oral  lesions  were  moderate 
in  the  2  cases  of  short  duration  but  very  extensive  in  the  case  of  2 
months  duration. 

The  number  of  the  white  cells  in  the  3  cases  ranged  between  2000  and  2800  and 
the  differential  counts  showed  23-30%  polymorphonuclear  leukocytes,  60-69% 
lymphocytes  and  8-10%  monocytes.  While  neither  of  the  2  females  revealed 
an  anemia,  the  male  did  show  it.  The  platelet  counts  were  normal.  Spleen  and 
lymph  nodes  were  not  enlarged. 

The  examination  of  the  sternal  bone  marrow  revealed  a  remarkable  difference 
between  the  case  of  2  months  duration  and  the  2  cases  which  went  rapidly  down¬ 
hill.  The  former  showed  plasma  cells,  lymphocytes  and  many  normoblasts 
while  the  2  latter  presented  a  marrow  with  few  polymorphonuclear  cells,  many 
myeloblasts,  a  moderate  number  of  plasma  cells,  few  lymphocytes  and  normal 
erythroblastic  activity. 

At  autopsy  the  jaws  of  the  2  females  and  the  male  were  removed  for  histolc^c 
examination.  Since  the  histo-pathologic  changes  observed  in  the  jaws  of  the  2 
females  are  alike,  they  will  be  discussed  together: 

The  microscopic  examination  of  the  upper  teeth  in  connection  with  the  jaws 
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revealed  unaltered  fatty  marrow  in  the  regions  farthest  from  the  teeth.  The 
marrow  close  to  the  teeth  showed  bleeding,  the  intensity  of  which  increased  to¬ 
ward  the  alveolar  crest  while  the  fat  cells  decreased  in  mimher  (fig.  1).  Congested 
vessels,  edema  and  an  increasing  number  of  plasma  cells,  myeloblasts,  normo¬ 
blasts,  and  lymphocytes  were  observed  in  these  hemorrhagic  areas.  The 
marrow  closer  to  the  crest  and  the  periodontal  membrane  became  more  fibrous 
and  proliferation  of  the  capillary  endothelium  was  noticeable. 

Distant  from  the  teeth,  the  surface  of  the  bone  trabeculae  of  the  cortex  and 
those  of  the  spongy  part  did  not  show  any  changes.  However,  in  accordance 


Fig.  I.  Frontal  section  through  the  central  maxillary  incisors  in  acute  arsphenamin 
agranulocytosis,  showing  areas  of  both  roots  with  the  interdental  alveolar  bone.  Exten¬ 
sive  bleeding  in  the  periodontal  membranes  and  bone  marrow.  Osteoclastic  resorption  of 
Imne  trabeculae. 

with  the  changes  of  the  marrow  deserilH*d  above,  the  traU'ciilae  adjacent  to  the 
teeth  were  osteoelastieally  resorlH'd.  Deep  llowship’s  lacunae  with  or  without 
osteoclasts  HiuhI  the  bone  which  a})jx‘aretl  thinned  and  even  destroytHl  to  such 
an  extent  that  broad  communications  Indween  iKMiinlontal  membrane  and 
marrow  spaces  of  the  supporting  bone  were  noted.  Some  st'ctions  showed  the 
disajiix'aranee  of  the  entire  partially  necrotic  labial  part  of  the  alveolar  pnx’ess. 
Many  osb'oelasts  wine  detached  from  the  lacunae  by  hemorrhages.  'Fhe 
marrow  of  tlu>  alv(*olar  crest  was  necrotic. 

'File  mandibular  first  preinolar  of  oiu'  of  the  females  showed  a  large  chronic 
jxaiapical  h'sion  compost'd  of  granulation  tis.sue  which  was  traverstxl  by  strands 
of  epithelial  cells.  .\  cavity  in  the  center  linetl  by  flat  epithelium  contained 
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chiefly  blood  and  very  little  pus.  Douhtle.ss,  this  was  an  abscess  the  pus  of 
which  had  lieen  mostly  replaced  by  red  blood  cells.  The  bloody  material  origi¬ 
nated  from  the  extensive  hemorrhages  present  in  the  surrounding  tissue.  The 
outstanding  feature  of  this  lesion  was  the  almost  total  ab.sence  of  polymorph- 
nuclear  leucocytes  and  lymphocytes  but  the  presence  of  an  overwhelming  num¬ 
ber  of  plasma  cells  and  myeloblasts. 

A  similar  cytologic  feature  was  found  in  the  preserved  apical  rest  of  the  pulp  of 
a  maxillary  canine  the  root  canal  of  which  contained  a  guttapercha  filling.  A 


Fig.  2.  PholomicroKraph  showing  labial  marginal  gingiva  and  oral  cpitlKdiiim  of  a  maxil¬ 
lary  canine  in  acute  arsphenainin  aKranulocyto.sis.  Heniorrhat?cs  and  necrosis  advanced 
gradually  from  the  gingival  sulcus  into  the  »)ral  epithelium  which  is  fairly  well  pre.served. 

great  numlx*r  of  lymphocytes  and  plasma  cells  crowded  this  area  and  this  was 
also  obst^rved  in  the  thickened  apical  part  of  the  jKMiodontal  membrane. 

The  jx*riodontal  membrane  of  tlu*  maxillary  and  mandibular  anterior  teeth 
and  pr(*molars  was  (x-cupitui  by  hemorrhages.  'I'ln*  SharjK'y’s  bundles  were 
destroyt'd  except  for  the  apical  region  when*  the  fibers  w(*r(?  welt  preserved  though 
frw*  blo(x]  app<*ared  collected  lx*tween  them.  This  accumulation  of  bhxxl  con¬ 
tinued  into  the  pulp.  Here  and  then?  small  fragm(*nts  of  necrotic  bont*  were 
displaced  into  the  ix*riodontal  hemorrhag<*s.  4'he  c(*tnentum  of  the  teeth  in  these 
2  acute  cases  was  not  altered. 
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The  pulps  of  some  teeth  showed  reticular  atrophy  with  hemorrhages.  Their 
odontoblasts  exhibited  a  hydropic  degeneration.  The  pulps  of  other  teeth  were 
unchanged  in  spite  of  the  remarkable  findings  in  the  tooth-supporting  structures. 

The  changes  of  the  vestibular  and  palatal  mucosa  of  the  alveolar  processes 
were  remarkable.  Extravasated  blocxl  extended  along  the  outer  surface  of  the 
alveolar  processes  either  directly  adjacent  to  the  osteoclastically  resorbed  bone  or 
between  the  periosteum  and  subepithelial  tissue.  Ver\'  few  polymorphnuclear 


Fi(j.  3.  l’h(>(()niipronrai)h  .showing  liihinl  niarnin.il  n'l'niva  anil  oral  epithelium  of  a  maxil¬ 
lary  eanine  in  acute  ansphenamin  aK'nnulocytosis.  Intensive  necrosis  of  the  gingiva  next 
to  the  gingival  sulcus  decreasing  towards  oral  epithelium. 

cells  were  present  while  plasma  cells,  macrophages  and  lympluKWtes  were 
abundant.  Neither  the  epithelium  nor  the  subepithelial  tissue  exhibited  signs  of 
necrosis.  However,  the*  marginal  parts  of  the  gingiva  revealed  complete  necrosis 
with  ulcer  formation.  This  degenerative  change,  characterizetl  by  the  total  loss 
of  any  structure,  was  very  obvious  next  to  the  gingival  sulcus.  It  was  in  this 
area  that  the  lU'crosis  started.  From  here  it  progresst'd  toward  the  epithelium  of 
the  surface  of  the  gingiva  and  involved  it  finally.  Numerous  plasma  cells  and 
lymi)hocytes  wen*  lH*tw(‘(‘n  the  necrotic  tissue  and  the  areas  not  yet  affected. 
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Gradually,  the  necrosis  advanced  into  the  periixlontal  membrane  and  occa¬ 
sionally  also  into  the  vestibular  mucosa. 

The  microscopic  findings  of  the  jaws  of  the  male  who  succumbed  after  more 
than  2  months  duration  to  the  disease  differed  essentially  from  those  descrilied 


Fig.  4.  Ciaiigrenous  lesions  of  the  gingiva  in  arsphenamin  agranulocytosis  of  about  2 
months  duration. 


Fig.  5  Fig.  (i 

Fig.  5.  Mesio-<listal  wction  through  the  first  inaixlibuiar  incisors  of  the  specimen  shown 
in  jig.  4-  Note  osteoporosis,  <lest ruction  of  alveolar  socket,  new  boix!  trabeculae  around 
the  apical  ends  of  the  teeth,  necrosis  of  gingiva. 

Fig.  fJ.  Higher  magnification  of  Jig.  5  showing  r(‘sorption  of  cenuuituin  and  irregular 
formation  of  new  boix?.  Fibrous  bone  marrow  with  many  capillari(‘s  and  numerous  normo¬ 
blasts. 

above  (Jig.  .{)•  The  fatty  marrow  in  portions  of  the  mandible  and  maxilla 
away  from  the  teeth  contained  dilated  capillaries  which  were  encirch'd  by  broad 
layers  of  c(jllag(‘nous  materials,  b^lema  and  a  retictdar  fibrous  tissue  separated 
the  fat  cells  from  (jne  another.  Many  normoblasts  and  few  lymphocytes  and 
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myeloblasts  were  scattered  throughout  the  marrow.  The  vessels  did  not  contain 
any  granulocytes  and  plasma  cells  were  not  noted  in  the  tissue  (fig.  d). 

'I'he  spongy  bone  of  the  jaws  showed  an  advanced  osteoporosis.  Only  few 
bone  tralieculae  were  in  moderate  apposition.  The  surfaces  of  most  of  them  were 
void  of  any  cells  thus  indicating  a  quiescent  stage.  The  nearer  to  the  apex  of  the 
teeth  the  more  fibrous  the  marrow  appeared.  Some  of  the  apical  bone  tral>eculae 
showed  osteoclastic  resorption.  The  most  remarkable  findings  in  this  area  were 
newly  formed  thin  bone  tralieeulae  which  as  a  kind  of  reparative  formation  partly 
replaced  the  bone  of  the  alveolar  crest  and  extended  in  an  irregular  fashion  into 
the  periodontal  space.  Newly  deposited  bone  was  also  observed  in  the  bone 
marrow  spaces  adjacent  to  the  alveolar  crest. 

The  remaining  extremely  widened  periotlontal  membranes  were  transformed 
into  a  very  dense  fibrous  tissue  the  filx'rs  of  which  ran  parallel  to  the  surface  of 
the  roots.  There  was  bleeding  as  a  result  of  mechanically  severed  vessels. 

The  cementum  showed  deep  grooves  from  resorption  all  along  the  root. 
Some  of  these  Howship’s  lacunae  in  the  apical  third  contained  cementoclasts, 
while  those  in  the  marginal  part  were  repaired  by  deposition  of  bone  substance 

(fig.  ^). 

The  fibrous  marrow  close  to  the  crest  communicated  by  broad  openings  with 
the  subepithelial  gingival  tissue.  Dilated  vessels  and  a  large  numlier  of  normo¬ 
blasts  were  scattered  throughout.  \’er>’  few  lymphocytes  anti  no  polymorpho¬ 
nuclear  leucocytes  were  present. 

The  epithelial  lining  of  the  marginal  gingiva  and  the  interdental  papillae  were 
necrotic.  The  necrosis  also  involved  the  subepithelial  tissue  and  the  normo¬ 
blasts  therein.  There  was  definite  evidence  that  the  necrosis  progressed  from 
the  epithelial  attachment  outward  and  in  the  apical  direction  thus  involving 
neighboring  parts  of  the  gingiva,  the  vestibular  mucosa  and  the  alveolar  process. 
This  was  particularly  obvious  in  the  mandibular  premolar  aiul  molar  region  where 
large  areas  of  the  alveolar  pr(x*ess  were  exposed  and  necrotic. 

DISCUSSION 

'Fhe  2  very  acute  cast's  descrilK'd  showed  gangrenous  defects  of  the  gingiva 
as.sociated  with  microscopically  established  bleedings  limited  to  the  oral  mucosii. 
The  ages  of  the  patients,  the  acuteness  and  rapid  death  ,  and  the  dilTust'  bletniings 
in  the  oral  mucosa  wouUl  lend  one  to  think  of  cast's  of  primary  aplastic  anemia  or 
acute  aleukemia,  lltiwever,  since  the  dist'ast'  followed  the  intravenous  admin¬ 
istration  of  arsphenamin,  the  bloiKl-platelet  count  remaining  high  and  the  bone 
marrow  revealing  a  remarkably  decrt'ast'tl  numlx'r  of  mature  granultH'ytes  with 
numerous  myeloblasts,  normoblasts,  plasma  cells  and  lympluK-ytes,  stutly 
clt'arly  indicatt'd  arsphenamin  agranuhx'ytosis. 

The  third  reported  cast*,  of  2  months  duration,  exhibited  extensive  gangivnous 
tlefects  of  the  gingiva  and  oral  mucosji,  but  only  remains  of  old  hemorrhages 
were  obst'ived  microscopically  in  the  gingiva.  'Fhe  bone  marrow  was  almost 
"empty”  but  contained  many  normoblasts. 

It  ap|K‘ars  from  the  mieroseopie  examination  t)f  the  jaws  of  these  li  lethal  east's 
of  st'condary  granultK’ytosis  that  the  neerotie  prtK*ess  t)f  the  gingit’a  commences 
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in  the  tissue  hordering  the  gingival  sulcus.  It  is  from  here  that  the  necrosis 
spreads  toward  the  gingival  epithelium,  into  the  periodontal  membrane  and  the 
marrow  of  the  alveolar  process  as  well,  thus  destroying  the  supporting  tis.sue  of 
tlie  teeth.  The  start  of  the  necrosis  can  he  intelligently  explained  with  the  pres¬ 
ence  of  the  bacterial  flora  in  deep)ened  gingival  crevices.  The  remarkably 
reduced  numlK*r  of  phagocyt  osing  granular  leukwytes  or  their  abstmce  tX'irnits 
the  microoi-ganisms,  particularly  the  anaeoroWs  Icniging  in  the  crevices,  to  act 
upon  the  adjacent  tissue  and  bring  about  gangrenous  lesions. 

The  gangieiutus  pr(K*ess  invoh  es  the  {X'riodontal  membrane  anil  causes  in  the 
very  acute  cases  a  quick  destruction  of  the  alveolar  process,  while  in  the  pro¬ 
tracted  cases  limited  repaiatory  processes  of  the  alveolar  bone  took  place. 

ricers  in  agranuloc^'tosis  are  found  also  in  the  tonsils,  pharynx,  in  tlie  mucosa 
of  the  gastrointestinal  tract ,  and  the  vagina.  These  organs  are  lined  by  a  mucosa 
the  numerous  foldings  of  which  harbor  microorganisms  which  prixliice  in  necrotic 
lesions  identical  to  the  ulcers  in  the  gingiva. 

COXrLUSIOX.s 

1.  'i'he  necrotic  lesions  of  the  gingiva  in  .secondary'  agranulocyto.sis  start  in  the 
tissue  next  to  tlje  gingi\al  sulcus.  The  microorganisms,  including  many 
anaeioljes  loiiging  in  tlie  de(^ix:*n(x]  gingi\  al  sulcus,  act  iiuickly  upon  the  gingival 
ti.ssue  Ijecause  of  the  lack  of  phagix-ytotic  granulocytes. 

2.  'Jdie  necrosis  .spreads  from  here  toward  the  surface  of  the  gingiva  and  into 
the  periixiontal  membrane  and  the  marrow  of  the  alveolar  proce.ss  thereby  de- 
.stroying  the  twth  supi>orting  tissue. 

•i.  'idle  agranulocytotic  ulcers  in  the  tonsils,  the  mucosa  of  the  pharynx,  in- 
te.stine  and  other  organs  have  identical  origin.  'I'he  necro.sis  commences  in  the 
crypts  and  folds  of  these  stniciures  which  harbor  microorganisms. 

4.  'J'he  sulx'pithelial  ti.ssue  and  the  marrow  of  tin*  alveolar  process  adjacent  to 
and  distant  from  the  neciotic  lesions  of  thi'  rapidly  fatal  cases  contain  numerous 
pia.'jma  crdl.-.  lymph<>cyte.-,  but  few  normoblasts  and  polymorphnucli'ar  leuco¬ 
cyte,-.  'I'he  .-ame  ateas  in  a  casi'  of  2  months  duration  exhibit  only  numerous 
normoblasts  and  few  iympho<-vtes. 
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KA(’HITir  C  IIAX(^KS  OF  THK  MANDIBULAR  CONDYLE 
OF  THE  RAT 


JOSKPH  P.  WKINMANX,  M.D.‘ 

From  the  Department  of  Research,  School  of  Dentistrif,  Loyola  University,  Chicago,  III. 

riie  rachitic  changes  in  the  epiphyseal  plate  and  the  metaphysis  of  tubular 
hones  are  well  known  (2).  As  a  result  of  vitamin  D  deficiency,  the  hyaline  carti¬ 
lage  of  the  epiphyseal  plate  does  not  calcify  whereas  proliferation  of  cartilage 
progresses  for  a  longer  period.  The  uncalicfied  cartilage  is  resistant  to  resorp¬ 
tion,  preventing  replacement  by  bone  at  the  metaphyseal  border.  As  a  conse¬ 
quence  of  the  progressing  proliferation  and  the  lack  of  resorption,  the  epiphyseal 
plate  increases  in  thickness  to  3  to  4  times  its  physiological  width.  The  bone 
formed  during  the  rachitic  regime  remains  likewise  uncalcitied  and  persists  as 
osteoid  tissue  which  is  also  resistant  to  resorption  (3).  Thus,  the  normal  re- 
(‘onstniction  and  modeling  resorption  of  the  growing  bone  ceases,  leading  to  in¬ 
creasing  density  of  the  spongiosa  and  to  a  clublike  thickening  of  the  metaphysis. 

Rachitic  changes  of  the  mandibular  condyle  have  not  Ix'en  ilescrilnHl.  It  is 
known  that  the  mandible  grows  at  the  condyle  in  a  manner  similar  to  the  growth 
of  tubular  bones  at  the  epiphyseal  plato  and  the  articidar  cartilage  (4L  It  was 
therefore  of  interest  to  inve.stigate  the  condyle  of  rachitic  animals  and  to  a.scertain 
whether  the  changes  of  the  mandible  are  comparable  to  those  stnui  in  tubular 
bones. 


MATKUI.\L  .\.\D  TKC’H.NIC 

Fourtwn  white  rats  were  kept  on  rachitogenic  diet  (Stivnbock  aiul  Black 
(51)  for  7  wwks  after  weaning.  The  animals  were  then  sacrilictHl,  the  heails 
halved  and  fixc'd  in  Z(‘nk<*r-formalin  solution  (Maximow),  .\fter  decalcitication. 
a  bl(M'k  was  cut  out  which  contained  tlu*  tianporomandibular  joint.  'I'his  was 
done  by  making  2  frontal  cuts,  one*  imnuHliat(4y  behind  the  eye.  tla*  otlu*r  just  in 
front  of  th<*ear.  Frontal  siM'tions  wen*  made  and  stained  with  hemat«»xylin-t'osin. 
('ontrol  material  fnun  litter  mat«‘s  was  obtaine«i  in  the  same  luaniu'r.  Frontal 
sections  through  the  joint  are  ad\  isabh*  U'causi*  of  the  sha|K‘  »>f  the  coiulyle  w  hich 
is  elongate<l  in  ant(“ro-posterior  direction  and  narrow  in  ine«lio-tateral  direction. 
'I'o  obtain  comparaldc  sections,  the  (5ass4‘rian  ganglion  and  the  biranuai  t»\al*‘ 
an*  use<l  as  lanthnarks. 


HM)IN(iS 

In  a  frontal  s<‘ction  tlic  normal  »*ondylc  presents  tlu*  f«»llo\\ing  [licture  {fUj.  /). 
'I'he  bone  of  the  condyle  is  co\crcd  by  a  en'seent  sha|H*d  hyaliiu*  cartilage,  w  liich 

'  Prcs<‘iitcil  nl  llu*  2tili  ( IciH-i'itl  .Mcciiiig  ut  ili<‘  liii«‘iiiali<tiiHl  \.■^Sll(-la(ltlll  tt>r  IViiial 
UcNcarcIi,  Kiiiisitis  t'ily,  .\laifli  lli  17,  l!Ml)  (7  D  Ues  26:  1,S7,  HUii>  Itct’cix ctl  ua 
piihlicnticii  July  lU, 
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itself  is  lined  toward  the  cavitj'  of  the  joint  by  a  layer  of  dense  connective  tissue. 
The  cartilage  shows  3  zones:  in  the  peripheral  zone,  the  chondrocytes  are  small, 
separated  by  wide  bars  of  hyaline  ground  substance;  in  the  middle  zone,  the  cyto¬ 
plasm  of  the  chondrocytes  has  increased  in  size  and  the  cells  are  arranged  in  short 
columns;  in  the  inner  zone,  the  chondrocytes  show  signs  of  degeneration  and 
their  capsules  are  opened  by  the  cells  of  the  proliferating  connective  tissue.  The 


Fig.  1.  Frontal  section  through  the  condyle  of  control  rat  10  weeks  of  age,  fedpurina 
dog  chow.  — .\rticular  disc,  B — Bone,  C — Condyler  cartilage,  D — Fibrous  covering  of 
condyle.  Mag.  X57. 

connective  tissue  which  covers  the  cartilage  functions  in  the  double  role  of  ar¬ 
ticulating  cushion  and  ptuichondrium.  In  the  latter  capacity,  it  is  the  mother 
tissue  of  the  cartilage:  its  deepest  layers  show  a  gradual  transition  between  con¬ 
nective  tissue  and  cartilage,  thus  contributing  to  the  appositional  growth  of  the 
cartilage. 

The  cartilaginous  convering  of  the  bone  reaches  laterally  and  medially  to  the 
level  of  the  widest  part  of  the  head.  Below  this  level,  the  bone  is  constricted  to 
the  narrow  neck  of  the  mandible.  The  bone  consists  of  spongy  trabeculae  which 
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end  at  right  angles  on  the  inner  surface  of  the  cartilage  and  suround  relatively 
narrow  marrow  spaces.  A  cortical  layer  is  inconspicuous  in  the  region  of  the 
neck  and  gains  considerable  thickness  only  some  distance  below  the  condyle. 
The  bone  marrow  is  of  the  hemopoietic  cellular  type. 

The  rachitic  condyle  shows  a  characteristic  disfiguration  (Jig.  2).  The  carti¬ 
lage,  crescent  shaped  in  the  normal  animal,  has  grown  to  a  thick  plate  almost 


Fig.  2.  Frontal  section  through  the  condyle  of  a  rat  10  weeks  of  age  kept  for  7  weeks  on 
rachitongenic  diet.  .V — .Articular  disc,  B — Osteoid  tissue,  C — Condylar  cartilage,  D — 
Fibrous  covering  of  condyle.  Mag.  X57. 

square  in  the  frontal  section.  The  characteristic  constriction  at  the  neck  has 
disappeared  entirely.  The  thick  spongy  tralieculae  of  the  bone  consist  of  a  core 
of  calcified  bone  surrounded  by  thick  layers  of  osteoid  tissue.  Peripherally  there 
is  a  fairly  thick  compact  layer  which  consi.sts  entirely  of  osteoid  tissue.  This 
layer  extends  somewhat  over  the  cartilaginous  part  of  the  head.  The  marrow 
spaces  in  the  region  of  the  neck  are  severely  narrowed;  some  are  almost  ob¬ 
literated  and  contain  mostly  loose  connective  tissue  insteatl  of  hemopoietic 
marrow. 


512 


JOSEPH  P.  WEIXMAXN 


DISCUSSION 

The  finding  on  the  rachitic  mandibular  condyle  are,  in  principle,  identical 
with  those  of  the  rachitic  epiphyseal  or  articular  cartilages.  They  are  the  con¬ 
sequence  of  the  inability  of  cartilage  to  calcify  and  the  inability  of  the  cells  of  the 
connective  tissue  to  resorb  the  uncalcified  cartilage.  Thus,  the  proliferation  of 
the  cartilage  goes  on  without  its  replacement  by  bone;  hence  the  hyperplasia  of 
the  growth  cartilage.  Conversely  these  findings  are  proof  for  the  function  of 
the  condylar  cartilage  as  the  most  important  growth  center  of  the  mandible. 
The  identical  findings  in  the  condylar  cartilage  and  in  the  epiphyseal  and  ar¬ 
ticular  cartilages  justifies  the  as.sumption  that  also  in  the  condylar  cartilage,  the 
proliferation  during  rickets  will  not  continue  indefinitely.  In  other  words,  the 
assumption  is  justified  that  rickets  will  lead  to  a  slackening  and  finally  to  a  cessa¬ 
tion  of  mandibular  growth.  This  is  also  circumstantial  evidence  for  an  explana¬ 
tion  of  rachitic  disturbances  of  the  vertical  eruption  of  teeth  as  the  consequences 
of  a  primar\’  disturbance  of  mandibular  growth  (fi).  Vertical  tooth  eruption 
depends  on  the  vertical  growth  of  the  mandibular  ramus  by  which  the  necessary' 
space  for  tooth  eruption  is  provided  (1). 

The  findings  on  the  bone  of  the  mandible  in  experimental  rickets  are  in  agree¬ 
ment  with  the  theory*  that  increased  density  and  transversal  enlargement  of 
bone  in  rickets  is  mainly  caused  by  cessation  of  reconstructive  and  modeling 
resorption.  This,  in  turn,  is  the  consequence  of  the  inability  of  the  osteoid 
tissue  to  calcify. 


SUMMARY 

The  effect  of  rachitogenic  diet  on  the  mandibular  condyle  of  the  white  rat  is,  in 
principle,  analogous  to  that  observfnj  in  the  articular  and  epiphyseal  cartilages  of 
tubular  bones.  The  growth  cartilage  in  the  condyle  is  increased  in  thickness. 
I'Uie  condyle  itself  is  clubshap<*d.  Both  phenomena  are  the  consequence  of  the 
la<  k  of  calcification  of  the  cartilage*  and  the  osteoid  tissue,  and  their  consecutive 
resistanw  to  res^jrption. 
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Cincinnati,  Ohio 

Degenerative  change  of  the  jaw  bone  is  one  of  the  manifestations  associatetl 
with  old  age.  Although,  infrequently,  exceptions  occur  where  the  physical 
preservation  of  the  jawbones  remains  unaltered  and  in  a  healthy  condition  until 
an  advanced  age,  structural  wasting  and  cellular  degeneration  predominate  over¬ 
whelmingly.  This  process  of  change  from  youth  to  old  age  and  from  health  to 
disease  generally  occurs  among  lower  animals  as  in  man.  Although  the  onset  of 
the  wasting  of  the  bone  and  the  morphologic  pathology*  differs  among  individuals, 
the  portion  of  the  bone  affected  in  most  instances,  whether  man  or  lower  animal, 
l>egins  with  the  alveolar  process. 

Alveolar  degeneration,  as  it  occurs  predominantly  in  man  and  perhaps  in  most 
animals,  excepting  sheep,  consists,  of  2  chief  types.  These  are:  I,  atrophy  or 
wasting  of  the  cellular  stnicture  in  the  absence  of  pus,  and  2,  suppurative  necrosis 
which  destroys  the  walls  and  the  septi  of  the  tooth  sockets.  In  either  instance 
the  breakdown  of  the  alveolus  l)egins  at  the  alveolar  crest,  gnidually  reilucing 
the  periodontium  either  to  the  level  of,  or  lielow  the  level  of,  the  root  ends.  .Also, 
there  are  instances  of  localized  mechanical  injur>'  to  the  alveolar  bone  causeil  by 
incrustation  of  calcific  deposit  or  continued  packing  of  LkhI  Ix'twt'en  the  teeth. 
The  latter  condition  becomes  more  aggravated  in  the  helpless  animal,  which  is 
unable  to  remove  such  an  obstruction.  .Although  unlike  collections  of  calculus 
which  may  occur  at  various  pericxls  of  life  of  the  individual  from  pn'atlolestvnce 
through  old  age,  packing  of  LkkI  l)etween  the  tw'th  usually  Ix'gins  during  miildle 
or  late  adulthotKl.  At  that  ix'iitMl  some  alteration  of  the  alveolar  support  of  the 
teeth  fre(iuently  takes  place,  detachment  of  the  ixM'iiHlontal  membrane  from  the 
cementum  <x*curs  either  partially  or  totally  and  the  r(H>ts  t)f  the  ttxuh  Ix'gin  to 
los(‘  their  firm  hold  in  the  alveolus.  Under  the  impact  t>f  ftJictHl  pn'ssum  duriitg 
mastication  t<x*th  thus  alTecfed  wilt  yield  to  the  force  of  the  opjH>sing  ttvth  juid 
the  fo(xl.  Tlu*  resulting  space  is  large  enough  ft)r  LmhI  particles  to  tiKlge  and  ac¬ 
cumulate.  Gradually,  with  the  constantly  athled  LmhI  creating  st'paration  aiul 
more  space  Indween  tlu*  t«H*th,  the  shifting  »>f  the  tiH'th  forms  larger  ptn-kets  for  a 
still  grc'atvr  amount  of  LmmI  to  pack  firmly  thus  tlepres.sing  the  giiigiva  anil  the 
affected  bone.  Es)K*cially  in  the  lu*rbivorous  animals,  the  ivtaineil  grass  anil 
twigs  aggravat4*d  by  continued  pivssure  during  mastication,  priHluces  channeling 
of  the  bone  in  the  interspaces  of  most  of  the  teeth  piKsterior  to  the  canines.  .M- 
though  packing  of  IoimI  results  in  extensive  damage  to  the  alveolar  bone  U'twix'n 
the  riMits  of  the  tt*t*th  of  man,  the  actual  destruction  si'ldoin  prix*eeds  lx*yond  the 
root  ends  unless  an  ab.seess  cavity  in  the  jaw  bone  results  from  some  other  caust*. 


*  Iti'cciveil  for  piihlicution  August  5,  I'Jtti. 
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In  the  sheep,  particularly  in  the  lower  jaw,  in  addition  to  this  damage  to  the  bone 
an  entirely  different  type  was  found. 

The  conditions  discovered  during  this  study  were  not  anticipated.  The  pur¬ 
pose  of  the  original  inciuiry  was  to  make  a  comparative  study  of  pathologic 
changes  in  the  jaw  bone  of  the  human  and  the  sheep.  It  is  well  known 
that  nothing  prevailed  in  the  history  of  primitive  man  or  lower  mammal  to  in¬ 
dicate  a  tendency  towards  profound  deterioration  of  the  alveolar  support  of  the 
teeth  such  as  exists  in  civilized  man.  It  appeared  that  the  domestic  sheep,  long 
removed  from  the  need  of  struggle  for  existence,  retiuiring  natural  and  human 
protection  and  wholly  dependent  upon  resti  icted  adaptation  of  environment  and 


Fig.  1.  Mandibular  sortions  from  young  to  middle-adult  sheep.  At  this  stage  of  animal’s 
life,  bone  is  intact  and  roots  of  teeth  are  firmlj’  invested  in  their  sockets.  Note  unusually 
large  mandibular  canals. 

food  habits,  ought  to  inovide  corollary  information.  The  fo<xi  habit  that  places 
a  limited  demand  on  the  masticatory  system,  as  is  the  case  with  the  sheep,  should 
rev'eal  the  functional  effect  on  bone  structure. 

OBSEUVATION’S 

Thirty-six  heads  of  freshly  slaughtered  sheep  were  used  for  this  .study.  The 
animals  came  from  farms  within  the  states  of  Ohio,  Kentucky  and  Indiana. 
In  age  these  sheep  ranged  from  (5  months  to  an  estimated  12  to  14  years’.  How¬ 
ever,  the  middle  and  late  adult  was  the  objective  of  this  study. 

Normal  conditions  were  found  in  young  animals,  the  bodies  of  the  mandible  or 
maxilla,  including  the  alveolar  prwess  of  both,  consisted  of  thick  and  dense  bone, 
the  mandibular  canal  was  found  to  be  unusually  large,  no  doubt  normal  for  sheep 
(fig.  1),  no  evidence  of  pathologic  changes  was  present  either  in  the  jaws  or  al- 

*This  material  was  obtained  from  separate  sources,  and  the  work  done  in  several  stages. 
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A'oolar  process,  and  the  teeth  were  in  normal  arrangement  with  no  grass  fibre 
hxlged  between  the  teeth. 

An  entirely  different  picture  revealed  itself  in  the  jaws  of  sheep  estimated  at  G 
years  of  age  or  older.  The  tendency  for  packing  of  grass  fibre  appeared  with 
greater  frecpiency  at  and  beyond  this  age  period.  Retained  food,  damage  to 
alveolar  bone  and  loose  teeth  were  limited  and  confined  to  few  teeth  in  the  middle 
adult,  but  were  present  Ix'tween  practically  all  of  the  back  teeth  in  the  older  ani¬ 
mals.  That  old  age,  loose  and  lost  teeth,  and  badly  damaged  alveolar  support 
run  a  concomitant  course  could  no  longer  be  (piestioned  even  before  the  jaws 
of  the  older  sheep  were  sectioned.  The  tendency  for  exfoliation  of  shaky  teeth 
in  the  sheep  does  not  occur  as  frequently  as  in  the  aged  human,  in  only  a  few  in¬ 
stances  in  the  old  animals  was  it  noted  that  teeth  were  missing.  This  fact  ap- 
{X'ared  as  significant  in  view  of  the  overwhelming  frequency  of  loose  teeth  and  the 
ever-present  disease  and  hopeless  condition  of  the  alveolar  support  {Jig.  2).  Al¬ 
though  wear  of  the  teeth  to  an  excessive  degree  in  the  older  animals  was  often 
encountered,  the  wear  was  not  always  uniform.  This  was  indicated  by  the  un¬ 
even  reduction  of  the  crowns  of  the  teeth  in  older  animals.  One  concludes  that 
chewing  with  some  of  the  teeth  was  avoided,  doubtless  due  to  discomfort. 

DISCUSSION 

This  limited  study  of  the  jaw  bones  of  the  sheep  revealed  degenerative  age 
changes  that  have  no  counterparts  in  the  process  of  senile  changes  of  the  human 
skeleton  and,  perhaps,  not  in  other  mammals.  For  example:  The  human  man¬ 
dible  in  old  age  loses  its  proportional  dimensions  which,  is  due  primarily  to  the 
loss  of  the  alveolar  process  as  well  as  to  further  wasting  of  the  mandibular  bcxly. 
A  considerable  proportion  of  the  compact  walls,  as  well  as  the  medullary  bone 
(except  in  extreme  instances  of  atrophy),  usually  remains  until  later  periods  of 
life.  Where  extreme  shrinkage  does  occur,  it  usually  follows  at  the  expense  of 
the  spongiosa  and  medullary  bone.  Invariably,  however,  the  greatly  reduced 
bixly  of  bone  is  transfonned  into  a  solid  and  dense  remnant  of  the  former  man¬ 
dible.  The  same  process  of  change  occurs  in  the  maxilla. 

An  entirely  different  phenomenon  occui*s  in  the  degenerative  change  in  the 
sheep  during  old  age.  Again  citing  the  mandible  as  example,  it  was  found  that 
no  appreciable  shrinkage  of  the  alveolar  process  occui’s  in  spite  of  the  loss  of  al¬ 
veolar  bone  and  looseness  of  the  teeth.  Neither  is  there  any  evidence  that  there 
was  an  apparent  reduction  in  the  height  or  depth  of  the  bixly  of  the  mandible. 
Sections  (macroscopic)  of  the  jaws  through  the  full  length  of  the  teeth  from  the 
youngest  to  the  oldest  has  disclo.sed  that  while  the  compact  bone  in  the  young 
sheep  exhibits  what  may  Im'  regarded  as  normal  thick  walls  of  the  mandible,  there 
is  a  gradual  reduction  in  thickness  within  the  bixly  of  the  jaw  at  the  turn  from 
middle  life  towards  old  age. 

The  indications  are  that,  fii'st,  there  is  a  detachment  of  the  periodontal  mem¬ 
brane  from  the  cementum.  Due  to  the  loss  of  function,  no  doubt,  the  membrane 
is  slowly  exfoliated  leaving  a  space  between  root  and  cancellous  bone  {Jig.  3). 
Cellular  dissolution  of  the  cancellous  bone  follows  and  sihim  permeates  the  com¬ 
pact  inner  walls  of  the  mandible.  At  this  stage,  the  compacta  which  previously 
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Fig.  2.  Radiographs  of  mandibular  sections.  Note  absence  of  me<lullary  bone  in  most 
specimens.  The  jirocess  of  change,  however,  from  iu)rmai  condition  to  disease  is  not 
universally  similar,  as  it  is  revealed  in  each  8(?ction.  Lower  anterior  teeth  in  sheep,  (X 
marked;,  have  no  bone  sockets.  Roots  are  firmly  held  iti  place  by  fibrous  attachment  which 
is  tenaciously  adherent  to  bone  ami  roots,  (lingiva  also  |)rovi<les  added  support  to  teeth 
to  which  it  is  firmly  atta<  hed.  Teeth  are  not  rigidly  fixed  to  bone;  they  yield  to  pressure 
consistent  with  resiliency  of  tough  {>ortion  of  gingiva  in  that  an*a.  l)«*spite  lack  of  rigidity 
of  roots,  teeth  continue  to  function  and  wear  down  until  re<luced  to  fragments,  and  these 
re<4uire  effort  to  remove.  In  larg<*  mountain  sheep,  how(!ver,  anterior  teeth  have  regular 
Ktx'ket  support. 


Fi(j.  3.  Maiulil)uliir  sections.  Top  row:  separation  of  roots  from  jaw  inme,  (H*rioilontal 
membrane  still  adhering  to  bone;  unattached  roots  are  covered  with  tlebris.  Bottom  row: 
sections  still  retaining  firmly  attached  periodontal  membrane.  Bone  had  lost  its  homo¬ 
genous  consistence;  it  is  soft,  porous,  and  easily  pierced  with  an  instrument. 

of  the  lat(*  soiiile  six'cimens.  vSimilar  conditions  wetv  found  in  the  maxillae, 
where  resorhed  hone  was  heinfj;  replaced,  continually,  with  fat.  It  may  Ih‘  postu¬ 
lated  thiit  functional  disusi'  of  the  jaws  and  teeth  in  the  old  {Uiimal  may  in  part 
Ik*  responsible  for  the  dt'^eneration  of  the  hone,  ('orontil  and  safj;ittal  sections 
through  the  palate  and  calvarium  discloseil  conditions  similar  to  that  in  maxil¬ 
lary  hone  sparse,  spongy  hone  with  intetsitaces  filled  with  fat.  On  cuttinj::, 
the  hone  throujj;hout  the  skull  was  found  to  he  surprisingly  soft.  'I'lie  sinust's 
of  the  sheep  head  an'  extremely  larj?e  and  the  ticks  in  the  nasal  chamln'i's  are 
extremely  numerous. 
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consisted  of  dense  and  homogenous  bone  is  changed  to  a  porous  consistency. 
Further  resorption  continues  as  the  smaller  formed  openings  in  the  bone  enlarge 
leaving  thin  septi  in  a  sparse  lace-work  design.  Ultimately  this  lace-work  is 
resorbed,  and,  in  many  instances,  large  portions  of  the  inner  jaw  are  reduced  to  a 
thin  outer  shell  (fig.  4). 

Most  characteristic  in  this  entire  process  of  change  from  normal  to  pathologic, 
is  the  replacement  of  resorbed  bone  by  fat.  Fat  was  found  in  the  smaller  inter¬ 
spaces  in  the  sections  from  middle  aged  animals  and  hollow  in  the  bony  containers 
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Following  the  experience  with  the  sheep,  a  further  attempt  was  made  foi-  a 
corollary*  study  on  the  goat.  Difficulties  were  encountered,  however.  From  the 


h'ig.  4  "lop  row:  Sagittal  wctioiis  of  luaiKiiljle  tlirouKli  »towii  of  Hlifop  tcolli.  \ot«; 
rharacU'ristic  dissolulioii  of  lli*'  iin'<lulairy  hoiio  wfiicfi  iw  follow«‘il  hy  i-fHorpI ion  of  tho 
coiiipa<'ta.  'I'fjih  i>ro<'«-h<-  of  cfianjif'  froin  lioniial  lo  <fiti  ‘usi'  i«  <li»t inci ly  <‘xliil>ilc<l  in  ini<i<lle 
row,  j>arti<-u!arly  <-«'nti‘r  n(*<-io»ib-  an<l  a<lja<'(-n)  2  si*ctions  nn*r(‘  isIk'IIh. 

Jiottoiii  row :  Maxillaiy  b<'<-iion!>  tfirouKii  an<l  winiib.  <  '(-llnlar  l)n*iik<lown  ib  bimilar 

lo  tfio  Jnan<liljl«',  «-v«-n  in  aj>i>«aian<»‘,  tin*  <f«'hl nid ion  of  Ifonc  in  not  h  i  |irofoiin(i; 

the  dnpty  bpa<-*-b  an?  ohs<'U)<'<J  liy  an  a<rciiJnula)ion  of  fal . 


out.set,  .varcity  of  maPaial  was  flic  major  olisfanlc.  ( fnly  d  adult  heads  could  he 
ohtaincid.  'J'he.sc',  wcu'e  frofii  fi('slily  slaughtered  animals,  estimated  ages 
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between  5  to  7  years.  Eciually  (lisappointinfj;  was  the  result  obtained  from  even 
tins  meager  amount  of  material.  It  was  soon  discovered  that  cutting  of  the 
cranium  with  a  bone  band  saw  could  be  accomplished,  but  not  through  the  crowns 
of  the  teeth.  After  several  attempts  at  .sectioning  goats  jaws  through  the  tooth 
crowns,  this  had  to  be  abandoned.  Dulling  and  breaking  of  ordinary  bone  saw 


Fiy.5.  Portions  (if  upprr  toul  l<>\v*‘r  jaw 8  III  :  top,  l>U('i'al ,  bottom;  lingual  surtacfs. 

Hone  is  extremely  tlense  ami  ma.s.sive;  alveolar  erest  ot'  neither  upper  nor  h>wer  jaws  was 
impaireti;  outer  eusps  of  tetUh  are  sharp,  .saw  shaped  ami  appear  highly  mineralized 

blades  (the  sjime  tistal  for  otlu'r  ly|H's  of  bone  and  humtin  teethl  on  gotils’ tt*t‘th 
pn'cltided  furllu*r  interest  in  the  g»>at.  d'he  foll*)wing  t'vidt'iua*,  however,  was 
obtaint'd  notwithstanding  the  dilliculties  of  sei-ti»)ning  the  s|HH*imens:  I,  The 
bout'  of  tlu'  t'ntin*  skull,  pjirticularly  tlu'  jtiws,  is  ma.ssivt',  ilenst>,  aiui  heavy;  2, 
tin*  t(*eth  tipiH'ar  highly  minerali/t'd ;  tin*  ctisp.s  jirt*  sharp,  with  tin*  wauu  surfaces 
of  tin*  (*namel  httving  a  in«>re  distinct  lustrt*  timn  is  t>bs(*rvable  in  the  ttvth  i>f  the 
sh(*t*p  or  htmuins  (Jiy.  ,j). 

'I'hiit  rapid  d(*t<‘riorati(»n  tunl  »li.st*a.st*  »if  tin*  jtiw  boin*s  may  In*  inducetl  in  the 
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goat  resulting  from  a  change  in  adapted  diet  is  briefly  mentioned  here  from  a  dis¬ 
cussion  on  tlie  subject  by  Knaggs.  In  discussing  osteitis  fibrosa  in  goats  Knaggs* 
quoted  W.  G.  Spencer’s  account  of  disease  in  goats  kept  for  milking  purposes  in 
South  London.  The  diet  of  these  goats  consisted  of  hay,  corn,  cooked  vegetables 
and  garbage — a  diet  that  differed  from  goats  fed  on  their  natural  foods  such  as 
hay  and  coarse  upland  grass.  Knaggs  described  the  disease  that  manifests  itself 
by  symmetrical  swellings  of  the  mandible,  which  gradually  increase  until  the 
mouth  cannot  be  closed  and  death  results  from  starvation. 

SUMMARY 

Sheep  jaws  show  changes  with  age  that  are  far  different  from  those  in  the  jaws 
of  man.  The  alveolar  processes  of  sheep  show  no  appreciable  reduction  in  spite 
of  looseness  of  the  teeth  and  loss  of  supporting  bone.  Goat  jaws  appear  to  be  ex¬ 
tremely  den.se  and  heavy  with  highly  mineralized  teeth. 

*Knaggs,  R.  Lawford,  The  Inflammatory  and  Toxic  Diseases  of  Bone.  (London,  Bristol, 
John  Wright  and  Sons  Ltd.:  (1926)  p.  265. 
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8 
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The  payee  named  on  each  bond  is  “Committee  on  the  William  J.  (lies  Endowment  Fund 
for  the  Journal  of  Dental  Research  (an  unincorporated  body),’’  .Ml  of  these  War  Bonds 
are  in  the  custody  of  the  Treasurer  of  the  Committee,  in  a  safety  dejiosit  box.  Empire  Trust 
Company,  580  Fifth  .\venue,  Xew  York  19,  X.  V.,  in  trust  for  the  Committee. 

The  contribution  of  S18.,50,  listed  in  Section  II  of  the  report  for  1943-44  from  Dr.  Joseph 
E.  Psaj'ala  (also  mentioned  in  Section  IV  of  this  reiiort),  was  in  the  form  of  a  $25  United 
States  War  Bond  Series  F  (“12-year  appreciation  bond’’),  (2631670F,  the  payee  being 
“William  John  (lies  Endowment  Fund  for  the  Journal  of  Dental  Research.’’  It  is  in  the 
custody  of  the  Treasurer  in  a  safety  (lej)osit  box,  Eni|)ire  Trust  Company,  589  Fifth  .\ venue, 
Xew  York  19,  X.  Y.,  in  trust  f(jr  the  Committee.  The  boiul  was  purchased  in  February 
1944. 

The  Bethany  Methodist  Hospital  Bond  and  Farnsworth  Television  and  Radio  Corpora- 
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tioD  Stock,  indicated  in  Section  IV,  are  also  in  the  custody  of  the  Treasurer  of  the  Com¬ 
mittee  in  a  safety  deposit  box,  Empire  Trust  Company,  580  Fifth  Avenue,  New  York  19, 
N.  Y.,  in  trust  for  the  Committee. 


VII.  Summary  of  Open  Accounts  Relating  to  Pledges 


PUdte 

Paid 

Balance 

A.  Organizations 

Kansas:  First  District  Dental  Society . 

$100 

$25 

$75 

J.  B.  Mann  Study  Club,  Washington,  D.  C... 

1,000 

200 

800 

$875.00 

B.  Individuals 

Harry  Kaplan . 

250 

100 

150 

R.  J.  Rinehart . 

200 

75 

125 

275.00 

$1,150.00 

L.  M.  Waugh, 

Treasurer. 
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I.  SusTAiNiNa  Subscribers  to  the  Journal,  1946 


J.  L.  T.  Appleton 
Ernest  N.  Bach 
Robert  E.  Blackwell 
O.  W.  Brandhorst 
Arthur  E.  Corby 
Bror  Eric  Dahlgren 
C.  G.  Darlington 
M.  Diamond 

First  District  Dental  Society 

J.  T.  Gore 

Louis  I.  Grossman 

E.  H.  Hatton 

Samuel  Hemley 


Isadore  Hirschfeld 
Paul  C.  Kitchin 
Alfred  L.  Kohn 
Frances  Krasnow 
G.  R.  Lundquist 
D.  M.  Milne 
Emil  Mueller 
B.  Orban 
Roy  J.  Rinehart 
Walter  H.  Scherer 
Isaac  Schour 
Godfrey  Schroeder 
George  W.  Teuscher 
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11.  International  Association  for  Den’pal  Research 

Membership  lists,  including  addresses  of  North  American  members  and  section  rolls. 
This  material  is  printed  annually  in  the  December  number  of  the  Journal  of  Dental  Re¬ 
search. 


Compiled  by  Edward  H.  Hatton,  Secretary-Treasurer 
REGISTER  OF  MEMBERS 

1.  NORTH  AMERICAN  MEMBERS 

M.  S.  Aisenberg,  20,  Dental  School,  U.  of  Maryland,  Baltimore  1,  Md. 

Frank  Allen,  Jr.,  1844  Coles  Bldg.,  Portsmouth,  Ohio 

G.  M.  Anderson,  20,  831  Park  Ave.,  Baltimore,  Md. 

B.  G.  Anderson,  2,  Medical  School,  Yale  U.,  New  Haven,  Conn. 

Edmund  Applebaum,  1,  630  West  168th  St.,  New  York,  N.  Y. 

J.  L.  T.  Appleton,  8,  Dental  School,  U.  of  Pennsylvania,  Philadelphia,  Pa. 

W.  H.  Archer,  9,  Professional  Bldg.,  Pittsburg  4,  Penna. 

W.  D.  Armstrong,  7,  Medical  School,  U.  of  Minnesota,  Minneapolis,  Minn. 

S.  S.  Arnim,  18,  Dental  School,  Ohio  State  U.,  Columbus,  Ohio 
F.  A.  Arnold,  17,  National  Institute  of  Health,  Bethesda  14,  Md. 

H.  E>  Ash,  17,  Army  Medical  Museum,  Washington,  D.  C. 

H.  H.  Asher,  3,  55  E.  Washington  St.,  Chicago,  Ill. 

S.  R.  Atkinson,  407  Professional  Bldg.,  Pasadena,  Cal. 

L.  T.  Austin,  7,  Mayo  Clinic,  Rochester  1,  Minn. 

*L.  W.  Baker,  2,  230  Beacon  St.,  Boston,  Mass. 

J.  S.  Bagnall,  11,  Dental  School,  Dalhousie  U.,  Halifax,  Nova  Scotia 
W.  F.  Barnfibld,  1121  West  Michigan  St.,  Indianapolis  2,  Ind. 

H.  A.  Bartels,  1,  57  West  57th  St.,  New  York,  N.  Y. 

William  Bauer,  10,  3556  Caroline  St.,  St.  Louis,  Mo. 

J.  R.  Beall,  17,  National  Bureau  of  Standards,  Washington,  D.  C. 

Harry  Bear,  22,  Dental  School,  Medical  College  of  Virginia,  Richmond,  Va. 

R.  J.  Bean,  11,  Medical  School,  Dalhousie  U.,  Halifax,  Nova  Scotia 
Hermann  Becks,  6,  Hooper  Foundation,  U.  of  California,  San  Francisco,  Cal. 

M.  C.  Berman,  18,  Dental  School,  Ohio  State  U.,  Columbus,  Ohio 
*Adolph  Berger,  1,  654  Madison  Ave.,  New  York  21,  N.  Y. 

J.  L.  Bernier,  Army  Medical  Museum,  7th  and  Constitution  Ave.,  Washington,  D.  C. 

E.  S.  Best,  7,  801  Medical  Arts  Bldg.,  Minneapolis.  Minn. 

F.  E.  Beube,  1,  630  West  168th  St.,  New  York  16,  N.  Y. 

Gerrit  Bevelander,  1,  477  First  Ave.,  New  York  16,  N.  Y. 

B.  G.  Bibbt,  2,  Dental  School,  Tufts  College,  Boston  15,  Mass. 

E.  R.  Bier,  15,  7-8  Medical  Arts  Bldg.,  Winnipeg,  Manitoba 

S.  N.  Blackberg,  1263  West  Pratt  Blvd.,  Chicago  26,  HI. 

Harold  Berk,  2,  471  Commonwealth  Ave.,  Boston  15,  Mass. 

P.  E.  Blackerby,  Kellogg  Foundation,  Battle  Creek,  Mich. 

R.  E.  Blackwell,  3,  180  N.  Michigan  Ave.,  Chicago,  Ill. 

J.  R.  Blayney,  3,  950  East  59th  St.,  Chicago,  Ill. 

R.  F.  Bleiker,  10,  Missouri  Theater  Bldg.,  St.  Louis,  Mo. 

D.  D.  Bloom,  2,  412  Beacon  St.,  Boston,  Mass. 

•Theodor  Blum,  1, 101  East  79th  St.,  New  York,  N.  Y. 

•F.  R.  Blumenthal,  2, 1  Raleigh  St.,  Boston  15,  Mass. 

C.  F.  Bodecker,  1,  630  West  168th  St.,  New  York,  N.  Y. 

L.  R.  Boung,  10,  4559  Scott  Ave.,  St.  Louis,  Mo. 
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W.  A.  Bossert,  1,  1346  Taylor  Ave.,  New  York,  N.  Y. 

C.  O.  Boucher,  18,  Dental  School,  Ohio  State  U.,  ColumbuB,  Ohio 
E.  P.  Bouloer,  3,  27  S.  Pulaski  Rd.,  Chicago,  Ill. 

H.  K.  Box,  4,  86  Bloor  St.,  Toronto,  Canada 

P.  E.  Botle,  8,  Dental  School,  U.  of  Pennsylvania,  Philadelphia,  Pa. 

D.  A.  Born,  32, 1121  W.  Michigan  St.,  Indianapolis,  Ind. 

J.  D.  Born,  27,  Children’s  Hospital,  Med.  School,  Iowa  State  U.,  Iowa  City,  Iowa 

S.  F.  Bradel,  3,  55  E.  Washington  St.,  Chicago  2,  Ill. 

J.  L.  Bradley,  USS  Benevolence  (AH  13),  per  Fleet  P.  O.,  San  Francisco,  Cal. 

E.  P.  Brady,  10,  7239  Northmoor  Drive,  St.  Louis,  Mo. 

T.  W.  Brand,  9,  Dental  School,  U.  of  Pittsburgh,  Pittsburgh,  Pa. 

O.  W.  Brandhorst,  10,  4952  Maryland  Ave.,  St.  Louis,  Mo. 

A.  D.  Brashear,  22,  Dental  School,  Medical  College  of  Virginia,  Richmond,  Va. 
J.  C.  Brauer,  3780  Wilshire  Blvd.,  Los  Angeles,  Calif. 

R.  E.  Brawley,  2301  Salem  Ave.,  Dayton,  Ohio 
Carl  Breitner,  1,  745  Fifth  Ave.,  New  York,  N.  Y. 

P.  J.  Brekhus,  7,  1967  E.  River  Rd.,  Minneapolis  14,  Minn. 

B.  H.  Broadbent,  14, 1400  Keith  Bldg.,  Cleveland,  Ohio 
A.  G.  Brodie,  3,  30  N.  Michigan  Ave.,  Chicago,  Ill. 

R.  H.  Brodsky,  1, 14  East  Slst  St.,  New  York  28,  N.  Y. 

A.  J.  Broughton.  4,  86  Bloor  St.,  Toronto,  Canada 

J.  B.  Brown,  18,  Hamilton  Hall,  Ohio  State  U.,  Columbus,  Ohio 

J.  C.  Brown,  3704  AAF,  Base  Clinic  Sy  E,  Kessler  Field,  Miss. 

Marcu  Brucker,  Dental  Division,  Bureau  of  Education,  Newark  2,  N.  J. 

A.  W.  Bryan,  27,  Dental  School,  Iowa  State  U.,  Iowa  City,  Iowa 
Maurice  Buchbinder,  1, 150  West  55th  St.,  New  York,  N.  Y. 

R.  W.  Bunting,  5,  Dental  School,  U.  of  Michigan,  Ann  Arbor,  Mich. 

L.  W.  Burket,  8,  Dental  School,  U.  of  Pennsylvania,  Philadelphia,  Pa. 

C.  G.  Burn,  350  Henry  St.,  Brooklyn,  N.  Y. 

Dan  Y.  Burrill,  19,  Dental  School,  U.  of  Louisville,  Louisville,  Ky. 

Philip  Burwasser,  14,  Dental  School,  Western  Reserve  U.,  Cleveland  6,  Ohio 

L.  R.  Cahn,  1,  888  Park  Ave.,  New  York,  N.  Y. 

J.  C.  Calandra,  3,  4918  Rice  St.,  Chicago,  Ill. 

C.  W.  Camauer,  17,  1726  Eye  St.,  N.  W.,  Washington,  D.  C. 

C.  P.  Canby,  17,  Hdq.  10,  APO  357,  per  P.  O.,  San  Francisco,  Calif. 

M.  W.  Carr,  1,  52  East  61st  St.,  New  York,  N.  Y. 

H.  J.  Caul,  17,  National  Bureau  of  Standards,  Washington,  D.  C. 

S.  W.  Chase,  14,  2109  Adelbert  Road,  Cleveland,  Ohio 

V.  D.  Cheyne,  27,  Dental  School,  Iowa  State  U.,  Iowa  City,  Iowa  ‘ 

K.  C.  Christensen,  10,  3556  Caroline  St.,  St.  Louis,  Mo. 

H.  R.  Churchill,  8  Lake  Wales,  Florida 

R.  S.  Claeun,  3,  3724  Fullerton  Ave.,  Chicago,  Ill. 

•G.  W.  Clapp,  1,  220  West  42nd  St.,  New  York,  N.  Y. 

M.  Don  Clawson,  33,  Meharry  Medical  College,  Nashville,  Tenn. 

O.  W.  Clough,  22,  Dental  School,  Medical  College  of  Virginia,  Richmond,  Va. 
J.  R.  Cohen,  7,  1449  Medical  Arts  Bldg.,  Minneapolis,  Minn. 

T.  J.  Cook,  8,  Dental  School,  U.  of  Pennsylvania,  Philadelphia,  Pa. 

R.  L.  Coleman,  71  Elm  St.,  Hartford,  Conn. 

P.  F.  Collins,  2864  S.  Halsted  St.,  CUcago,  Ill. 

S.  D.  Collins,  17,  National  Institute  of  Health,  Bethesda,  Md. 

E.  D.  CooLiDOE,  3,  25  E.  Washington  St.,  Chicago,  HI. 
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T.  B.  CooLiDGE,  Rm.  J109,  Abbott  Hall,  947  East  58th  St.,  Chicago  37,  Ill. 

E.  N.  Cooper,  3,  311  E.  Chicago  Ave.,  Chicago  11,  Ill. 

H.  V.  Cottrell,  18,  404  Hartman  Bldg.,  Columbus,  Ohio 
Thomas  Cowung,  4, 1  Grant  St.,  Toronto,  Canada 

G.  J.  Cox,  200  S.  Seventh  Ave.,  Lagrange,  Ill. 

H.  D.  Cot,  22,  233  Spring  St.,  New  York,  N.  Y.,  I.  K.  Stem  &  Co.,  Inc. 

A.  B.  Crane,  17,  1726  Eye  St.,  N.  W.,  Washington,  D.  C. 

W.  H.  Crawford,  7,  Dental  School,  U.  of  Minnesota,  Minneapolis,  Minn. 

K.  H.  Cross,  1224  E.  Evans  Ave.,  Denver,  Colo. 

W.  S.  Crowell,  8,  211  South  12th  St.,  Philadelphia,  Pa. 

Mart  C.  Crowlet,  5,  Dental  School,  U.  of  Michigan,  Ann  Arbor,  Mich. 

F.  H.  Cushman,  2, 12  Bay  State  Road,  Boston,  Mass. 

A.  A.  Dahlberg,  3,  5756  Harper  Ave.,  Chicago,  HI. 

P.  P.  Dale,  23,  260  Crittenden  Blvd.,  Rochester,  N.  Y. 

F.  H.  Daley,  3,  153  Bay  State  Road,  Boston,  Mass. 

C.  G.  Darlington,  1,  209  East  23rd  St.,  New  York,  N.  Y. 

W.  M.  Davis,  401  Exchange  Bank  Bldg.,  Orlando,  Florida 
M.  L.  Deakins,  23,  Medical-Dental  School,  Rochester  U.,  Rochester,  N.  Y. 
H.  T.  Dean,  17,  National  Institute  of  Health  14,  Bethesda,  Md. 
Marguerite  Dean,  33,  718  Union  Ave.,  Memphis,  Tenn. 

R.  A.  Dean,  33,  718  Union  Ave.,  Memphis,  Tenn. 

C.  F.  Deatherage,  Waverly,  HI. 

G.  B.  Denton,  3,  311  E.  Chicago  Ave.,  Chicago,  Ill. 

Moses  Diamond,  1,  200  West  59th  St.,  New  York,  N.  Y. 

George  Dickson,  17,  National  Bureau  of  Standards,  Washington,  D.  C. 

G.  B.  Diefenbach,  19, 129  E.  Broadway,  Louisville,  Ky. 

V.  H.  Dietz,  17,  4212  Russell  Ave.,  Mt.  Rainier,  Md. 

M.  C.  Dixon,  5,  711  S.  State  St.,  Ann  Arbor,  Mich. 

E.  C.  Dobbs,  21,  Dental  School,  U.  of  Maryland,  Baltimore,  Md. 

R.  P.  Drbssell,  14,  2165  Adelbert  Road,  Cleveland,  Ohio 

C.  O.  Dummett,  33,  Meharry  Medical  College,  Nashville  8,  Tenn. 

•H.  S.  Dunning,  1,  33  East  68th  St.,  New  York,  N.  Y. 

•W.  B.  Dunning,  1, 140  East  80th  St.,  New  York,  N.  Y. 

K.  R.  Eablick,  5,  Dental  School,  U.  of  Michigan,  Ann  Arbor,  Mich. 

B.  R.  East,  1,  600  West  168th  St.,  New  York,  N.  Y. 

G.  S.  Easton,  27,  AAF  Regional  Hosp.,  Truax  Field,  Madison,  Wis. 

H.  M.  Eaton,  11,  Biks  Bldg.,  Halifax,  Nova  Scotia 

L.  F.  Edwards,  18,  Anatomy  Dept.,  Ohio  State  U.,  Columbus,  Ohio 

R.  W.  Edwards,  300  West  47th  St.,  Country  Club  Plaza,  Kansas  City,  Mo. 

W.  E.  Ehrich,  8,  Medical  School,  U.  of  Pennsylvania,  Philadelphia,  Pa. 

L.  L.  Eisenbrandt,  Dental  School,  U.  of  Kansas  City,  Kansas  City,  Mo. 

F.  C.  Elliott,  31,  Dental  School,  U.  of  Texas,  Houston,  Texas 

M.  D.  Eluott,  2, 

A.  W.  Elub,  4,  80  King  St.,  Toronto,  Canada 

R.  G.  Ellis,  4,  230  College  St.,  Toronto,  Canada 

Elias  Elvove,  17,  National  Institute  of  Health,  Bethesda,  Md. 

L.  M.  Ennis,  8,  4001  Spruce  St.,  Philadelphia,  Pa. 

John  Enright,  9,  6600  Dalzell  St.,  Pittsburgh,  Pa. 

I.  A.  Epstein,  7,  357  Lowry  Medical  Arts  Bldg.,  St.  Paul,  Minn. 

Sidney  Epstein,  6,  516  Sutter  St.,  San  Francisco,  Cal. 
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B.  E.  Ebikson,  17,  3726  Connecticut  Ave.,  N.  W.,  Washington  2,  D.  C. 

L.  C.  Fairbank,  17, 1726  Eye  St.,  N.  W.,  Washington,  D,  C. 

P.  S.  Faillo,  3, 1908  St.  Charles  Road,  Majrwood,  Ill. 

A.  W.  Faulkner,  11,  69  Gottingen  St.,  Halifax,  Nova  Scotia 
A.  H.  Fee,  22, 321  W.  Franklin  St.,  Richmond  20,  Va. 

W.  L.  Fickes,  22,  Dental  School,  U.  of  Pittsburgh,  Pittsburgh,  Pa. 

W.  A.  Figo,  3,  417  Morris  Bldg.,  Joliet,  Rl. 

S.  B.  Finn,  23,  256  Broadway,  N.  Y. 

A.  K.  Fisher,  29,  Dental  School,  Loyola  U.,  New  Orleans  15,  La. 

W.  C.  Fleming,  6,  Dental  School,  U.  of  California,  San  Francisco,  Cal. 

J.  C.  Forbes,  22,  Dept,  of  Chemistry,  U.  of  Pittsburgh,  Pittsburg^,  Pa. 

L.  S.  Fosdick,  3,  311  E.  Chicago  Ave.,  Chicago,  Ill. 

Lewis  Fox,  1,  72  West  Ave.,  South  Norwalk,  Conn. 

H.  T.  Fraser,  17,  National  Institute  of  Health,  Bethesda,  Md. 

C.  W.  Freeman,  3,  55  E.  Washington  St.,  Chicago,  Ill. 

Smith  Freeman,  Mayo  Clinic,  Rochester,  Minn. 

B.  J.  Fret,  3,  4265  Moody  Ave.,  Chicago,  Rl. 

F.  C.  Friesell,  9,  Dental  School,  U.  of  Pittsburgh,  Pittsburgh,  Pa. 

H.  E.  Fbisbie,  6, 450  Sutter  St.,  San  Francisco,  Calif. 

A.  H.  Gabel,  8,  Dental  School,  U.  of  Pennsylvania,  Philadelphia,  Pa. 

WiLUAM  Gafafbr,  17,  National  Institute  of  Health,  Bethesda,  Md. 

L.  H.  Garrison,  10,  Dental  School,  4559  Scott  Ave.,  St.  Louis,  Mo. 

M.  H.  Garvin,  15,  314  Sommerset  Bldg.,  Winnipeg,  Canada 
*W.  J.  Gies,  1,  632  West  168th  St.,  New  York,  N.  Y. 

Raleigh,  Gilchrist,  17,  National  Bureau  of  Standards,  Washington,  D.  C. 

••C.  C.  Gilkison,  14, 10465  Carnegie  Ave.,  Cleveland,  Ohio. 

J.  R.  Gill,  6,  450  Sutter  St.,  San  Francisco,  Cal. 

J.  T.  Ginn,  33,  Dental  School,  U.  of  Tennessee,  Memphis,  Tenn. 

Irving  Guckman,  2,  483  Beacon  St.,  Boston  16,  Mass. 

M.  A.  Goldberg,  17,  1726  Eye  St.,  N.  W.,  Washington,  D.  C. 

Harold  Golton,  21,  2408  Eutaw  Place,  Baltimore,  Md. 

H.  M.  Goldman,  Army  Medical  Museum,  Washington  25,  D.  C. 

J.  O.  Goodsell,  5,  501  Second  National  Bnk.  Bldg.,  Ann  Arbor,  Mich. 

J.  T.  Gore,  8, 1737  Chestnut  St.,  Philadelphia,  Pa. 

B.  Gottlieb,  Dental  School,  Baylor  U.,  College  &  Gaston,  Dallas,  Texas 
E.  R.  Granger,  70  Lorraine  Ave.,  Mt.  Vernon,  N.  Y. 

W.  K.  Gregort,  1,  American  Museum  of  Natural  History,  New  York,  N.  Y. 

G.  T.  Gregory,  32, 1121  W.  Michigan  St.,  Indianapolis,  Ind. 

G.  W.  Grieve,  4,  12  Bloor  St.,  Toronto,  Canada 

L.  I.  Grossman,  8,  Medical  Arts  Bldg.,  Philadelphia  4,  Pa. 

A.  O.  Gruebbel,  22  E.  Superior  St.,  Chicago  11,  Rl. 

W.  B.  Gurley,  10,  4559  Scott  Ave.,  St.  Louis,  Mo. 

Gustav  Haber,  New  York,  N.  Y. 

Faith  P.  Hadley,  9,  Institute  of  Pathology,  Western  Penna.  Hospital,  Pittsburg,  Pa. 
W.  H.  Hahn,  21,  Dental  School,  U.  of  Maryland,  Baltimore,  Md. 

J.  F.  Hall,  32, 1121  W.  Michigan  St.,  Indianapolis,  Ind.  , 

Carolyn  Hammond,  3,  1757  W.  Harrison  St.,  Chicago,  Rl. 

Edward  Hampp,  National  Institute  of  Health,  Bethesda,  Md. 

H.  L.  Hansen,  33  Riverside  Ave.,  Rensselaer,  N.  Y. 

R.  W.  Harrison,  3,  950  East  59th  St.,  Chicago,  Rl. 
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L.  P.  Hartlet,  DC  USA,  Ft.  Winfield  Scott,  Calif. 

H.  E.  Harvet,  DC  USN,  Navy  Yard,  Brooklyn,  N.  Y. 

C.  E.  Hatch,  3,  808  S.  Wood  St.,  Chicago,  Ill. 

E.  H.  Hatton,  3,  311  E.  Chicago  Ave.,  Chicago,  Ill. 

A.  B.  Haverstock,  11,  Roy  Bldg.,  Halifax,  Nova  Scotia 

R.  L.  Hates,  3107  Fourteenth  St.,  N.  E.,  Washington,  D.  C. 

H.  J.  Healet,  32,  FMH  Oceanside,  Calif. 
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Georg  Stein,  1,  730  Fifth  Ave.,  New  York,  N.  Y. 

M.  R.  Stein,  1,  113  West  57th  St.,  New  York,  N.  Y. 

H.  P.  Steinmeyeb,  3,  808  S.  Wood  St.,  Chicago,  Ill. 

R.  M.  Stephan,  3.  950  East  59th  St.,  Chicago,  Ill. 

E.  R.  Stone,  17,  1726  Eye  St.,  N.  W.,  Washington,  D.  C. 

R.  A.  Stout,  17,  Walter  Reed  General  Hospital,  Washington,  D.  C. 

L.  R.  Stowe,  1,  32  Buena  Vista  Drive,  Hastings  on  the  Hudson,  N.  Y. 
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H.  A.  Swanson,  17,  1726  Eye  St.,  N.  W.,  Washington,  D.  C. 

W.  F.  Swanson,  9,  5326  Pocusset  St.,  Pittsburgh,  Pa. 

J.  T.  SwEENET,  State  Hospital,  Stockton,  Cal. 

W.  T.  Sweeney,  17,  P.  O.  Box  1587,  Pittsburgh,  Pa. 

A.  P.  S.  Sweet,  29  Southern  Parkway,  Rochester  7,  N.  Y. 

H.  M.  Swenson,  32,  1121  W.  Michigan  St.,  Indianapolis,  Ind. 

L.  B.  Taber,  6,  344  Fourteenth  St.,  San  Francisco,  Calif. 

M.  L.  Tainter,  6,  33  Riverside  Ave.,  Rensselear,  N.  Y. 

David  Tanchester,  1,  180  West  58th  St.,  New  York,  N.  Y. 

Edward  Tatixir,  State  Health  Dept.,  Austin,  Texas 

N.  O.  Taylor,  211  South  12th  St.,  Philadelphia,  Pa. 

P.  B.  Taylor,  Procurement  Diet.,  52  Broadway,  New  York  4,  N.  Y. 

R.  W.  Taylor,  Naval  Dental  Corps 

W.  E.  Taylor,  9  St.  Barnard  Ave.,  Saranac  Lake,  N.  Y. 

Benjamin  Tenenbaum,  1,  33  West  42nd  St.,  New  York,  N.  Y. 

G.  W.  Teuscher,  3,  311  E.  Chicago  Ave.,  Chicago,  Ill. 

*K.  H.  Thoma,  2,  School  of  Dental  Medicine,  Harvard  U.,  Boston,  Mass. 

B.  O.  A.  Thomas,  1,  630  West  168th  St.,  New  York,  N.  Y. 

N.  G.  Thomas,  3,  Fayetteville,  Ark. 

H.  S.  Thompson,  4,  18  Sununerhill  Gardens,  Toronto,  Canada 

G.  E.  Thompson,  2,  Dental  School,  Harvard  U.,  Boston,  Mass. 

J.  R.  Thompson,  3,  808  S.  Wood  St.,  Chicago,  Ill. 

A.  H.  Throndson,  6,  US  Naval  Hospital,  Oak  Knoll,  Calif. 

Sidney  Tiblier,  29, 1141  Canal  Bnk.  Bldg.,  New  Orleans,  La. 

Evelyn  B.  Tilden,  3,  311  E.  Chicago  Ave.,  Chicago,  Ill. 

A.  E.  Treloar,  7,  Medical  School,  U.  of  Minnesota,  Minneapolis,  Minn. 
Harry  Trimble,  3,  25  Shattuck  St.,  Boston,  Mass. 

C.  R.  Turner,  8, 755  Beacon  Lane,  Merion,  Penna. 

S.  D.  Tylman,  3,  185  N.  Wabash  Ave.,  Chicago,  Ill. 

C.  F.  Vallotton,  22,  Medical  College  of  Va.,  Richmond,  Va. 

Grant  Van  Huysen,  32,  1121  W.  Michigan  St.,  Indianapolis,  Ind. 

L.  E.  Van  Kirk,  9,  Jenkins  Arcade,  Pittsburgh,  Pa. 

F.  B.  Vedder,  5,  Dental  School,  Michigan  U.,  Ann  Arbor,  Mich. 

W.  D.  Vehe,  7, 1001  Medical  Arts  Bldg.,  Minneapolis,  Minn. 

R.  F.  Vines,  Research  Lab.,  International  Nickel  Co.,  Bayonne,  N.  J. 

J.  F.  VoLKER,  2, 416  Huntington  Ave.,  Boston  15,  Mass. 

R.  H.  VoLLAND,  27,  First  National  Bnk.  Bldg.,  Iowa  City,  Iowa 
R.  S.  VooRHEES,  23,  311  Alexander  St.,  Rochester,  N.  Y. 

C.  J.  VosMiK,  14,  1338  Keith  Bldg.,  Cleveland,  Ohio 

E.  C.  Wach,  3,  5903  S.  Kedzie  Ave.,  Chicago  29,  Ill. 

H.  F.  Wahixjuist,  7  ,  835  Medical  Arts  Bldg.,  Minneapolis,  Minn. 

W.  W.  Wainwrioht,  6,  Dental  School,  U.  of  California,  San  Francisco,  Cal. 

F.  C.  Waite,  14,  144  Locust  St.,  Dover,  N.  H. 

C.  M.  Waldo,  2,  25  Shattuck  St.,  Boston,  Mass. 

C.  F.  Waldron,  7,  Dental  School,  U.  of  Minnesota,  Minneapolis,  Minn. 

D.  A.  Wallace,  3,  222  E.  Superior  St.,  Chicago,  Ill. 

M.  L.  Ward,  5,  Dental  School,  U.  of  Michigan,  Ann  Arbor,  Mich. 
Friedrich  Wassermann,  3,  6132  S.  Kimbark  Ave.,  Chicago,  Ill. 
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•L.  M.  Waugh,  1,  931  Fifth  Ave.,  New  York,  N.  Y. 

H.  L.  Weatherford,  2,  25  Shattuck  St.,  Boston,  Mass. 

J.  P.  Weinmann,  3,  1757  W.  Harrison  St.,  Chicago,  HI. 

David  Wbisberqer,  2,  Dental  School,  Harvard  U.,  Boston,  Mass. 

W.  H.  Welker,  3,  1853  W.  Polk  St.,  Chicago,  Ill. 

G.  D.  Wessinger,  33  Riverside  Ave.,  Rensselaer,  N.  Y. 

L.  G.  Wesson,  2,  131  Park  Drive,  Boston,  Mass. 

R.  C.  Wheeler,  10,  Missouri  Theater  Bldg.,  St.  Louis,  Mo. 

R.  C.  Willett,  3,  535  Jefferson  Bldg.,  Peoria,  Ill. 

J.  B.  Williams,  22,  1000  W.  Grace  St.,  Richmond,  Va. 

N.  B.  Williams,  Army  Medical  School,  A.  M.  C.,  Washington,  D.  C.  Zoller  Memorial 
Dental  Clinic,  950  East  59th  St.,  Chicago  37,  HI. 

Warren  Willman,  3,  1757  W.  Harrison  St.,  Chicago,  HI. 

G.  R.  Winter,  81  Front  St.,  Binghamton,  N.  Y. 

Edmund  Wise,  Research  Lab.,  International  Nickel  Co.,  Bayonne,  N.  J. 

E.  A.  Wolf,  9,  Dept,  of  Zoology,  Pittsburgh  U.,  Pittsburgh,  Pa. 

F.  J.  Wolfe,  29,  835  Maison  Blanche,  New  Orleans,  La. 

C.  R.  Wood,  33,  Medical  Arts  Bldg.,  Knoxville,  Tenn. 

H.  G.  WoRMAN,  7,  4907  Ewing  Ave.,  S.,  Minneapolis,  Minn. 

W.  H.  Wright,  9,  Dental  School,  Pittsburgh  U.,  Pittsburgh,  Pa. 

W.  L.  Wylie,  14,  2165  Adelbert  Road,  Cleveland,  Ohio 

Wendell  L.  Wylie,  6,  Med.  Center,  U.  of  California,  San  Francisco,  Cal. 

M.  F.  Yates,  2,  Dental  School,  Harvard  U.,  Boston,  Mass. 

E.  G.  Young,  11,  Dalhousie  U.,  Halifax,  Nova  Scotia 

H.  B.  Younger,  703  Wilson  Bldg.,  Dallas  1,  Texas 

H.  A.  Zander,  2,  Dental  School,  Tufts  College,  Boston,  Mass. 

E.  V.  Zegarelli,  1,  630  W.  168th  St.,  New  York,  N.  Y. 

D.  E.  ZisKiN,  1,  630  West  168th  St.,  New  York,  N.  Y. 

Total  North  American  Membership — ^519. 


ROSTER  OF  SECTIONS* 

The  Sections  are  listed  and  numbered  in  the  order  of  their  founding. 

The  Sections  are  listed  and  numbered  in  the  order  of  their  founding.  In  the  following 
list  of  members  the  section  numbers  are  used  to  indicate  section  membership. 


1.  New  York 

2.  Boston 

3.  Chicago 

4.  Toronto 

5.  Ann  Arbor 

6.  San  Francisco 

7.  Minnesota 

8.  Philadelphia 

9.  Pittsburgh 

10.  St.  Louis 

11.  Halifax 


12.  Vienna 

13.  New  Haven 
(discontinued,  1940) 

14.  Cleveland 

15.  Winnipeg 

16.  London 

17.  Washington 

18.  Columbus 

19.  ^uisville 

20.  Prague 

21.  Baltimore 


22.  Richmond 

23.  Rochester 

24.  Budapest 

25.  Chengtu 

26.  Johannesburg 

27.  Iowa  City 

28.  Detroit 

29.  New  Orleans 

30.  Palestine 

31.  Houston 

32.  Indianapolis 

33.  Tennessee 


•  Charter  member. 

*  A  number  following  a  name  indicates  membership  in  a  section  as  shown  in  the  key  to 
the  sections  immediately  preceding  this  list. 
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SECTION  MEMBERSHIP 

In  the  preceding  list  of  members  a  number  following  a  member’s  name  identifies  his 
section  membership,  if  any. 

1.  New  York — Edmund  Applebaiun,  H.  A.  Bartels,  Adolph  Berger,  F.  E.  Beube,  Gerrit 
Bevelander,  Theodor  Blum,  C.  F.  Bodecker,  W.  A.  Bossert,  Carl  Breitner,  R.  H.  Brodsky, 
Maurice  Buchbinder,  L.  R.  Cahn,  M.  W.  Carr,  G.  W.  Clapp,  C.  G.  Darlington,  Moses 
Diamond,  H.  S.  Dunning,  W.  B.  Dunning,  B.  R.  East,  Lewis  Fox,  W.  J.  Gies,  W.  K.  Greg¬ 
ory,  Milo  Heilman,  Samuel  Hemley,  C.  J.  Henschel,  Isadore  Hirschfeld,  Franklin  Hol¬ 
lander,  Houghton  Holliday,  T.  P.  Hyatt,  Theodore  Kaletsky,  Maxwell  Karshan,  T.  B. 
King,  Meyer  Klatsky,  Frances  Krasnow,  S.  J.  Kreshover,  William  Lefkowitz,  H.  J.  Leonard , 

E.  C.  McBeath,  J.  O.  McCall,  A.  H.  Merritt,  E.  G.  Miller,  Jr.,  S.  C.  Miller,  Egon  Neustadt, 
Isaac  Neuwirth,  Edith  Oblatt,  B.  B.  Palmer,  Theodor  Rosebury,  S.  N.  Rosenstein,  Irving 
Salman,  J.  A.  Salzman,  Joseph  Schroff,  Ben  Seidler,  H.  H.  Shapiro,  E.  H.  Siegel,  H.  F. 
Silvers,  Sidney  Sorrin,  Georg  Stein,  M.  R.  Stein,  L.  R.  Stowe,  David  Tanchester,  Benjamin 
Tennenbaum,  B.  O.  A.  Thomas,  L.  M.  Waugh,  W.  H.  Wright,  E.  V.  Zegarelli,  D.  E.  Zis- 
kin. — 66. 

2.  Boston — B.  G.  Anderson,  L.  W.  Baker,  Harold  Berk,  B.  G.  Bibby,  D.  D.  Bloom,  F.  R. 
Blumenthal, F.  H.  Cushman,  F.  H.  Daley,  M.  D.  Elliott,  Irving Glickman,  H.  M.  Goldman, 
E.  A.  Hooton,  P.  R.  Howe,  V.  H.  Kazanjian,  J.  P.  Lazansky,  P.  A.  Leavitt,  P.  K.  Losch, 
Howard  Marjerison,  R.  S.  Manly,  H.  I.  Margolis,  F.  P.  McCarthy,  L.  M.  S.  Miner,  A.  L. 
Morse,  R.  E.  Nagle,  C.  T.  Nelson,  Abraham  Nizel,  J.  T.  O’Rourke,  S.  E.  Pond,  A.  P.  Rogers, 
Benjamin  Spector,  K.  H.  Thoma,  G.  E.  Thompson,  Harry  Trimble,  J.  F.  Volker,  C.  M. 
Waldo,  H.  L.  Weatherford,  David  Weisberger,  L.  G.  Wesson,  M.  F.  Yates,  H.  A.  Zander. — 40. 

5.  Chicago — H.  H.  Asher,  R.  E.  Blackwell,  J.  R.  Blayney,  E.  P.  Boulger,  S.  F.  Bradel, 
A.  G.  Brodie,  J.  C.  Calandra,  R.  S.  Claflin,  E.  D.  Coolidge,  T.  B.  Coolidge,  E.  N.  Cooper, 
G.  J.  Cox,  A.  A.  Dahlberg,  G.  B.  Denton,  P.  S.  Faillo,  W.  A.  Figg,  L.  S.  Fosdick,  C.  W. 
Freeman,  B.  J.  Frey,  A.  O.  Gruebbel,  Carolyn  Hammond,  R.  W.  Harrison,  C.  E.  Hatch, 

E.  H.  Hatton,  Elizabeth  S.  Hemmens,  Fred  Herzberg,  M.  M.  Hoffman,  L.  H.  James,  J.  R. 
Jarabak,  L.  R.  Johnson,  F.  F.  Kanthak,  R.  G.  Kesel,  A.  S.  Krashen,  L.  E.  Kurth,  R.  L. 
Lasater,  A.  B.  Luckhardt,  G.  R.  Lundquist,^aury  Massler,  A.  H.  Mueller,  Emil  Mueller, 

F.  B.  Noyes,  V.  T.  Nylander,  Balint  Orban,  E.  C.  Pendleton,  G.  W.  Rapp,  J.  S.  Restarski, 
A.  F.  Romnes,  B.  G.  Sarnat,  Isaac  Schour,  W.  R.  Schram,  J.  S.  Shell,  Harry  Sicher,  W.  G. 
Skillen,  E.  W.  Skinner,  H.  P.  Steinmeyer,  R.  M.  Stephan,  G.  W.  Teuscher,  N.  G.  Thomas, 
J.  R.  Thompson,  Evelyn  B.  Tilden,  S.  D.  Tylman,  E.  C.  Wach,  D.  A.  Wallace,  Friedrich 
Wassermann,  J.  P.  Weinmann,  W.  H.  Welker,  R.  C.  Willett,  N.  B.  Williams,  Warren  Will- 
man. — 69. 

4.  Toronto — H.  K.  Box,  A.  J.  Broughton,  Thomas  Cowling,  A.  W.  Ellis,R.  G.  Ellis, 

G.  W.  Grieve,  F.  C.  Husband,  A.  D.  Mason,  E.  W.  Paul,  H.  S.  Thomson. — 10. 

6.  Ann  Arbor — R.  W.  Bunting,  Mary  C.  Crowley,  M.  C.  Dixon,  K.  R.  Easlik,  J.  O. 
Goodsell,  Philip  Jay,  P.  H.  Jeserich,  D.  A.  Kerr,  R.  H.  Kingery,  G.  R.  Moore,  L.  F.  Ritter- 
shofer,  F.  B.  Vedder,  M.  L.  Ward. — 13. 

6.  San  Francisco — Hermann  Becks,  Sidney  Epstein,  W.  C.  Fleming,  H.  E.  Frisbie,  J.  R. 
Gill,  G.  M.  Hollenbeck,  G.  A.  Hughes,  E.  B.  Jump,  Alexander  Ker,  H.  M.  Leicester,  G.  S. 
Millberry,  James  Nuckolls,  W.  B.  Ryder,  Jr.,  F.  W.  Schubert,  E.  W.  Schultz,  Nina  Sim- 
monds,  E.  A.  Sloman,  L.  B.  Taber,  A.  H.  Throndson,  W.  W.  Wainwright,  W.  L.  Wylie, 
Jr.— 21. 

7.  Minnesota — W.  D.  Armstrong,  L.  T.  Austin,  E.  S.  Best,  P.  J.  Brekhus,  J.  T.  Cohen, 
W.  H.  Crawford,  I.  A.  Epstein,  Smith  Freeman,  W.  F.  Lasby,  S.  A.  Lovestedt,  A.  P.  Lund, 
J.  A.  Milhon,  G.  A.  Montelius,  R.  W.  Norvold,  C.  P.  Oliver,  Dorothy  F.  Radusch,  K.  W. 
Ray,  C.  E.  Rudolph,  W.  J.  Simon,  E.  S.  Stafne,  S.  R.  Steadman,  A.  E.  Treloar,  W.  D.  Vehe, 

H.  F.  Wahlquist,  C.  F.  Waldron,  H.  G.  Worman. — 26. 

8.  Philadelphia — J.  L.  T.  Appleton,  P.  E.  Boyle,  L.  W.  Burkett,  H.  R.  Churchill,  T.  J. 
Cook,  W.  S.  Crowell,  W.  E.  Ehrich,  L.  M.  Ennis,  A.  H.  Gabel,  J.  T.  Gore,  L.  I.  Grossman, 
J.  V.  Mershon,  Mary  Moore,  Herman  Prinz,  S.  L.  Rosenthal,  C.  R.  Turner. — 16. 
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9.  Pittsburgh — ^W.  H.  Archer,  T.  W.  Brand,  J.  J.  Enright,  W.  L.  Fickes,  F.  C.  Friesell, 
Faith  P.  Hadley,  T.  F.  McBride,  E,  G.  Meisel,  J.  S.  Cartel,  N.  C.  Ochsenhirt,  W.  F.  Swan¬ 
son,  W.  T.  Sweeney,  L.  E.  Van  Kirk,  E,  A.  Wolfe. — 14. 

10.  St.  Louis — William  Bauer,  R.  F.  Bleiker,  L.  R.  Boling,  E.  P.  Brady,  O.  W.  Brand- 
horst,  Kermit  Christensen,  L.  H.  Garrison,  W.  B.  Gurley,  E.  H.  Keys,  H.  T.  Knighton, 
W.  E.  Koch,  H.  M.  Levy,  B.  E.  Lischer,  L.  R.  Main,  E.  B.  Owen,  T.  W.  Purcell,  R.  S. 
Wheeler. — 17. 

11.  Halifax — J.  S.  Bagnall,  R.  J.  Bean,  H.  M.  Eaton,  A.  W.  Faulkner,  A.  B.  Haverstack, 
Donald  Mainland,  W.  C.  Oxner,  S.  G.  Ritchie,  E.  G.  Young. — 9. 

12.  Vienna — Arwed  Berg,  Fritz  Driak,  Richard  Grohs,  Otto  Hofer,  Hermann  Mathis, 
Hans  Pickier,  Otto  Preissecker,  Franz  Schonbauer,  A.  M.  Schwartz,  Karl  Spring,  Richard 
Trauner,  Hermann  Wolf. — 12. 

IS.  New  Haven — Discontinued  1940. 

14.  Cleveland — B.  H.  Broadbent,  S.  W.  Chase,  R.  P.  Dressel,  C.  C.  Gilkison,  T.  J.  Hill, 

A.  H.  Kniessner,  A.  W.  Mann,  V.  C.  Myers,  W.  A.  Price,  John  Revesz,  C.  H.  Scheu,  P.  B. 
Taylor,  C.  J.  Vosmik,  F.  C.  Waite,  W.  L.  Wylie.— 15. 

15.  Winnipeg — E.  R.  Bier,  M.  H.  Garvin,  K.  M.  Johnson,  H.  J.  Merkeley,  W.  J.  Riley. — 6. 

16.  London — Arthur  Bulleid,  J.  F.  Colyer,  E.  B.  Dowsett,  E.  W.  Fish,  C.  W.  Howkins, 

G.  B.  Pritchard,  M.  A.  Rushton,  Evelyn  Sprawson,  Joseph  Turner. — 9. 

17.  Washington — F.  A.  Arnold,  H.  E.  Ash,  J.  R.  Beall,  J.  L.  Bernier,  C.  W.  Camalier, 

H.  J.  Caul,  S.  D.  Collins,  A.  B.  Crane,  H.  T.  Dean,  George  Dickson,  V.  H.  Dietz,  L.  C. 
Fairbank,  Elias  Elvove,  H.  T.  Fraser,  W.  M.  Gafafer,  Raleigh  Gilchrist,  M.  A.  Goldberg, 

B.  E.  Erikson,  E.  G.  Hampp,  L.  G.  Jordan,  Harry  Kaplan,  R.  A.  Keilty,  Henry  Klein,  J.  W. 
Knutson,  H.  W.  Krogh,  D.  F.  Lynch,  R.  T.  Lowry,  H.  B.  McCauley,  F.  J.  McClure,  S.  V. 
Mead,  G.  C.  Paffenbarger,  G.  St.  J.  Perrott,  S.  J.  Ruzicka,  C.  A.  Schlack,  I.  C.  Schoonover, 
W.  H.  Sebrell,  Jr.,  E.  M.  Short,  Wilmer  Souder,  R.  R.  Stone,  R.  A.  Stout,  H.  A.  Swanson, 
R.  W.  Taylor. — 42. 

18.  Columbus — S.  S.  Arnim,  M.  C.  Berman,  C.  O.  Boucher,  J.  B.  Brown,  H.  V.  Cottrell, 
L.  F.  Edwards,  J.  H.  Kaiser,  P.  C.  Kitchin,  H.  W.  MacMillan,  R.  D.  McFarland,  L.  S. 
Pettit,  Samuel  Rabkin,  S.  J.  Randall,  H.  B.  G.  Robinson,  H.  M.  Semans,  H.  D.  Spangen- 
burg,  Jr. — 16. 

19.  Louisville — D.  V.  Burrill,  G.  B.  Diefenbach,  Brooks  Juett,  R.  E.  Myers  (Secretary), 
K.  R.  Pfeiffer,  W.  M.  Randall.— 6. 

20.  Prague — Karel  Cerny,  Karl  Haupl,  J4n  Jesensk^,  Frantigek  Kostecka,  Jaromir 
Kfecan,  A.  E.  Loos,  F.  N&prstek,  Friedrich  Neumann,  Franti§ek  Neuwirth,  Gestimir 
Parma,  Josef  Pfibyl,  Ferdinand  Skaloud,  Karel  Wachsmann,  Hans  Wermuth. — 14. 

21.  Baltimore — M.  S.  Aisenberg,  G.  M.  Anderson,  E.  C.  Dobbs,  Harold  Golton,  W.  E. 
Hahn,  E.  V.  McCollum,  M.  W.  McCrea,  J.  Ben  Robinson. — 8. 

22.  Richmond — Harry  Bear,  A.  D.  Brashear,  O.  W.  Clough,  H.  D.  Coy,  A.  H.  Fee,  J.  C. 
Forbes,  A.  P.  Little,  R.  A.  Logan,  Harry  Lyons,  C.  F.  Vallotton,  J.  B.  Williams. — 11. 
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